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How to beat the high cost 
of cheap meters. 



You get what you pay for. 

So get the Fluke 70 Series. 

You’ll get more meter for your money, 
whether you choose the affordable 73, 
the feature-packed 75 or the deluxe 77. 

Allot them will give you years of 
performance, long after cheaper meters 
have pegged their fishhook needles for 
the last time. 

That’s because they’re built to last, in¬ 
side and out. So they’re tough to break. They 
don’t blow fuses all the time. You don’t 
even have to replace batteries as often. 

And they’re backed by a 3-year warranty. 
Not the usual 1-year. 

Of course, you may only care that the 
world-champion 70 Series combines digital 
and analog displays with more automatic 
features, greater accuracy and easier opera 
tion than any other meters in their class. 

You may not care that they have a lower 
overall cost of ownership than all the other 
“bargain” meters out there. 

But just in case, now you know. 

FROM THE WORLD LEADER 

IN DIGITAL MULTIMETERS. 


IFLUKEI 



FLUKE 73 FLUKE 75 FLUKE 77 

Analog/digital display Analog/digital display Analog/digital display 

Milts. ohms. 10A, diode Molts, ohms. 10A. mA, Molts, ohms, 10A, mA 

test_ diode test _ diode test _ 

Autorange _ Audible continuity Audible continuity 

0.7% basic dc accuracy Autorange/range hold “Touch Hold" function 

3-year warranty 2000+ hour battery life 0.3% basic dc accuracy 

3-year warranty 2000+ hour battery life 


ELMEASCO 


Instruments Pty . Ltd . 

N.S.W. 15 McDonald St, Mortlake. Tel: (02) 736 2888 
VIC. 12 Maroondah Hwy, Ringwood. Tel: (03) 879 2322 
QLD. 192 Evans Rd, Salisbury. Tel: (07) 875 1444 
S.A. 241 Churchill Rd, Prospect. Tel: (08) 344 9000 
W.A. 46-48 Kings Pk Rd, West Perth. Tel: (09) 481 1500 























THIS MONTH’S 
COVER 

This month, we bring you 
a special report on what 
happened to the Challenger 
space shuttle (see page 36). 
Painting by John Berkey, 
© Discover Magazine 
4186, Time Inc. 
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80 THE LATEST IN DISPLAY TECHNOLOGY We survey the field 
92 DIGITAL SIGNAL PROCESSING PT.2 Another nail in the analog coffin 
104 EPSON’S EX-800 DOT MATRIX PRINTER For graphics and colour 


Entertainment Electronics 

74 AN INTRODUCTION TO HIF1 PT.9 More on digital technology 
122 COMPACT DISC REVIEWS Tchaikovsky, Beethoven, Stravinsky 



This high-quality microphone 
can be built for half the cost of 
comparable commercial units 
and boasts several novel fea¬ 
tures. Details page 26. 


Projects and Technical. _ 

26 BUILD THE MICROPHONE Pick it up and it turns on 
34 CIRCUIT & DESIGN IDEAS TV-derived frequency standard 
44 THE SERVICEMAN A wink is as good as a nod 
50 HIGH-POWER HF LINEAR AMPLIFIER Build it from a kit 

63 A LOW-COST DUMMY LOAD Put six light bulbs in a box 

64 INFRARED REMOTE CONTROL PREAMPLIFIER PT.2 Construction details 
70 SOLAR-POWERED BILGE PUMP Don’t let the boat sink 

90 DX RECEPTION Increase the stations you receive 


What’s coming 

Don’t miss next month’s issue. 
In addition to a big feature on 
marine electronics, you’ll find 
articles describing a low-distor¬ 
tion audio oscillator, a digital 
audio storage device and a 
UHF keyswitch for use in bur¬ 
glar alarms. 
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Solar-powered 
bilge pump 


4 LETTERS TO THE EDITOR Fake grass and static electricity 
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6 NEWS HIGHLIGHTS Aussie-made robots for industry 
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Don’t let the yacht sink. This 
new automatic bilge pump is 
low in cost and easy to build. 
Best of all, it’s powered by the 
Sun. 
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Letters to 
the editor 


Fake grass 

and shocked gardeners 

Neville Williams’ comments about the 
hazards of static charges (Forum, June 
1986) reminded me of an experience in 
the UK about 20 years ago. 

At the time I worked at the Engineer¬ 
ing Centre of a big conglomerate elec¬ 
tronics company, founded and built up 
by a then venerable entrepreneur, who 
had just received a knighthood in recog¬ 
nition of his efforts. Let us preserve this 
gentleman’s anonymity by giving him 
the invented name of Sir Les North. 

For his retirement, Sir Les had pur¬ 
chased a very plush unit in one of the 
best areas of North London. TV outlets 
were required in most rooms, so it was 


natural to call in his own engineerinj 
staff to design and install the system. 

A small mast carrying the antenn. 
was bolted to a convenient steel hand 
rail which surrounded the unit’s fla 
roof and a mains powered amplifie 
gave the signals a boost before distribu 
tion. The system was tested and to thi 
relief of all concerned, Sir Les indicate! 
his approval. 

About a week later the cataclysm oc 
curred. We had a phone call from 
very icy Lady N to let us know our an 
tenna system must be faulty as it ha< 
given the gardener a nasty electri 
shock. Good jobs were not easy to ge 
at that time and I must admit we al 
panicked a bit before unanimous! 
electing one of our colleagues, who ha< 


Three reasons for 
not purchasing kits 

In response to your article on projects 
only being available in kit form from 
suppliers, I would like to voice my 
agreement with your contributors. 

You mentioned in “Forum” that 
many overseas magazines are having 
enormous problems with falling circula¬ 
tions, and I can’t help but wonder if this 
is due to the trend of publishing kit 
projects. I have dropped my subscrip¬ 
tion to two overseas magazines because 
of this. 

As your magazine is Australian, I am 
at least able to purchase kits locally. 
However, I have three objections to 
having to do this: 

Firstly, I agree with the letters pub¬ 
lished. The cost of many of the kits is 
such that I cannot afford to purchase 
the project in one hit, although I would 
be able to purchase the parts spread 
over a period. 

Secondly, like many people, I have 
purchased standard parts in bulk packs 
over the years and fail to see why I 
should have to buy these parts a second 
time. 

Finally, maybe it is just my bad luck, 
but I have had some lousy experiences 
with kits. This has ranged from incor¬ 
rect or missing parts to defective com¬ 
ponents, and makes me wonder if some 


firms are using seconds to make up kits 

I would also agree with I.G. of Victo 
ria that a proper kit should have decen 
instructions. I have no objection t( 
photostats of your article, but I do ob 
ject when the photostat quality is ver) 
poor and they do not include the 
“Notes and Errata” that has been pub 
lished since the original article. 

Over the years your magazine ha: 
published some excellent projects, bu 
in recent times the value of these foi 
me has dropped due to this kit problem 
I would be more than happy to see the 
supply situation revert to being able tc 
purchase individual parts, or projects 
not being published if components are 
not available individually. 

G. Parrant 
Castle Hill, NSW. 

Kit suppliers 
losing sales 

I am writing in response to your re 
quest for “. . .a wad of letters that m 
can wave under the noses of kit suppli 
ers.” 

I wholeheartedly agree with the com 
ments in your Forum of July 1986. I an 
also in complete agreement with J.M 
(Seven Hills, NSW) regarding the con 
struction of the larger (both in terms o 
parts and money) kits. 
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a superb bedside manner, to go and 
investigate. 

He found that following our antenna 
work on the flat roof, a very nice little 
garden had been installed, complete 
with flowers in pots, trees in tubs and a 
lush green plastic lawn. The gardener 
had been sweeping the lawn with a 
traditional birch broom and after some 
vigorous exertion had decided to take a 
rest by leaning on the handrail. His ex¬ 
tended hand never quite reached the 
rail however, as whilst it was still a 
short distance off, a juicy spark jumped 
the gap, giving him a hefty zap, a small 
bum and some instant rejuvenation. 

A 50kV electrostatic voltmeter was 
brought in and we found that a few 
strokes with the broom on the lawn 
would generate enough static to put it 
off the end of its scale. All was ex¬ 
plained to Lady N, we kept our jobs 
and the plastic lawn went back to a 
company which mines and manufactures 
in Minnesota for antistatic treatment. 

T. N. Ayscough, 
Beacon Hill, NSW. 


I would dearly love to build the Tele¬ 
text Decoder, and both the Playmaster 
amplifier and tuner, but could not even 
begin to consider the financial outlay in 
one hit. This means that there is a con¬ 
siderable (my own definition) amount of 
money that a kit supplier will not be 
getting from me. 

Granted that a supplier has to outlay 
the cost of both purchasing and storing 
the components if he was to sell them 
separately, but at least he would even¬ 
tually get a return for these compo¬ 
nents, rather than nothing at all if he 
was to market them as a complete kit 
which a lot of people could not possibly 
afford. 

This is really a two-edged sword. By 
not supplying the components of a kit 
as separate entities, not only are the 
suppliers losing money from prospective 
sales, but they also risk driving the elec¬ 
tronics enthusiast, particularly the 
beginner, into another hobby. 

In fact, you could almost call it a 
three-edged weapon if you consider that 
an electronics enthusiast who is driven 
to another hobby may even stop reading 
Electronics Australia. And if enough 
people do that . . .! 

I shudder to think of the conse¬ 
quences! 

D. Cunningham, 
Geelong West, Vic. 


Editorial 

Viewpoint 


Should radar detectors 
be banned? 

The recent announcement by the New South Wales Minister for Police, Mr 
Paciullo, that radar detectors and jammers would henceforth be banned has 
caused consternation amongst motorists and manufacturers alike. Should this 
action have been taken? 

From a strictly legalistic point of view, you could argue that anyone who 
fits a radar detector or jammer to their vehicle is intent on breaking the law. 
Further, those people who go to great lengths to conceal their detectors or 
jammers are compounding the offence. 

That point of view would be unlikely to be disputed if the rules of the road 
were uniformly and fairly enforced. But in the State of New South Wales the 
rules of the road are not fairly and uniformly enforced and on past history, 
are never likely to be. 

The fact is that on many roads in Metropolitan areas motorists consistently 
exceed the speed limits, often by 20km/h or more. In peak periods, any 
motorist who did not keep up with the traffic would be a severe hazard. So 
everyone exceeds the speed limit. Ergo, the speed limits are a joke. That is 
point number one. 

Point number two is that where radar traps are set up by the police they 
invariably are at places where it is safe to travel at speed; ie, on a wide 
freeway or on a straight downhill stretch of road where the speed of the 
vehicle tends to naturally increase. Radar traps are almost never set up on 
the suburban back-streets where some lunatics drive cars at speeds which 
really are a hazard to life and limb. 

So the average motorist can be forgiven for being cynical about the views 
of officialdom on radar detectors. Radar traps have been no more than 
revenue-earners in the past. The police will have to use them much more 
fairly in the future if the radar detector ban is to mean anything. 

Perhaps the police have correctly realised that past radar speed measuring 
systems could not reliably be used on heavily trafficked arterial roads or on 
narrow winding suburban streets. New radar systems are claimed to be 
effective in pinpointing particular vehicles in traffic so that obvious offenders 
can be singled out. 

But unless the police use radar sensibly and fairly to weed out the 
dangerous motorists they should not use it at all. Until the police 
demonstrate that they will enforce the speed regulations fairly, motorists have 
some justification for feeling that the radar detector ban is just official 
posturing. 

LEO SIMPSON 
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News Highlights 


IBM expands operations 
at Wangaratta 

Underlining its commitment to its 
Australian operations, IBM has begun 
manufacturing PC planar boards at its 
Wangaratta, Victoria, plant and has an¬ 
nounced plans to manufacture telecom¬ 
munication products. 

The planar boards are used in IBM 
Personal Computers, PC XTs and PC 
ATs which are also assembled at Wan¬ 
garatta. The decision to manufacture 
the boards for these computers repre¬ 
sents a further $3.7 million investment 
by IBM in local manufacturing. 

During 1985, the Wangaratta plant 
produced over 30,000 IBM personal 
computers. These are used to supply the 
Australian market and are also exported 
to New Zealand and to South East 
Asia. 

The decision by IBM to manufacture 
telecommunications products in Aus¬ 
tralia is in line with a Telecom agree¬ 
ment requiring telecommunications sup¬ 
pliers to include local content in their 
products. 

Two communications controllers, the 
CBX-11 and VSCBX, will be produced 
at the plant and the first models are ex¬ 
pected to be rolling off the production 
line later this year. These controllers 
are the computer-based section of a 
ROLM business communications 
system. 

The ROLM CBX-11 8000 system sup¬ 
ports up to 840 voice and/or data lines 
and/or associated Telecom trunks. The 
VSCBX is designed for smaller systems 
with 16 to 140 users. 



Dishing out Aussat! 

Want fast access to Aussat from any¬ 
where in Australia? An Australian com¬ 
pany, Network Technologies Pty Ltd, 
has developed a mobile 3.7-metre dish 
that can be towed to the desired loca¬ 
tion and set up within a few minutes. 


The company says it can transport th< 
new dishes to any site in Australia ac¬ 
cessible by vehicle, be it a city hotel, a 
country office or a private home. The 
3.7 metre antenna works in conjunctior 
with any of the video transmissior 
standards of the various broadcasters ir 
Australia, and is ideal for satellite 
videoconferencing . 


Australia in strong position 
with optical fibres 


Australian industry could be in a 
strong position to capitalise on the 
growth opportunities being offered by 
the $2 billion undersea fibre optic com¬ 
munications cable planned for the Pa¬ 
cific basin, according to the Australian 
Electronics Industry Association . 

According to Mr Bill Page-Hanify, 
the President of AEIA, “the basic tech¬ 
nologies for submarine optical fibre 


cable systems are already in place in 
this country and Australian companies 
are now hard at work developing these 
technologies even further.” 

The Pacific network project will in¬ 
volve laying the world’s largest under¬ 
water fibre optic network and will link 
Australia with other countries on the 
Pacific rim — New Zealand, Japan and 
North America. Tenders for the first 


phase, Tasman 2, linking Australia and 
New Zealand, will be called later this 
year and already a number of leading 
overseas communications companies 
have expressed interest. 

The need for local technology, man¬ 
power and skill to become involved in 
the project is also very much a part oi 
OTC’s strategy. Five Australian compa¬ 
nies have already been contracted to 
carry out developmental work on the 
project. These companies are AWA, 
STC, Austral Standard Cables, Olex 
Cable and Optical Fibre Research. 
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Aussie-made robots for industry 


Asteroids named for 
Challenger astronauts 

Seven asteroids have been named 
after the members of the Challenger 
Space Shuttle crew who perished on 
January 28. The asteroids were all dis¬ 
covered from Lowell Observatory by as¬ 
tronomers Dr Edward Bowell and Mr 
Norman Thomas, and are named for 
Francis R. Scobee, Michael J. Smith, 
Christa McAuliffe, Gregory B. Jarvis, 
Ronald E. McNair, Ellison S. Onizuka, 
and Judith A. Resnik. 

Asteroids are small rocky bodies left 
over from the time of formation of the 
solar system some 4.6 billion years ago 
and which failed to coalesce into a 
major planet. Most orbit the Sun be¬ 
tween Mars and Jupiter. 

A small number of asteroids have or¬ 
bits that cross the orbits of the planets, 
such as Mars or Earth, but there is very 
little danger of collision as their orbits 
are inclined to those of the planets. The 
largest asteroid is about 850 km across, 
but those being discovered these days 
are usually only a few miles across. 

The seven Challenger asteroids were 
discovered between 1980 and 1984, dur¬ 
ing the course of a survey funded by 
NASA’s Planetary Astronomy Program. 


Four specialised single arm machine 
loading robots, designed and con¬ 
structed by Machine Dynamics in Vic¬ 
toria, have joined the workforce of one 
of Australia’s leading toolmaking com¬ 
panies, Sutton’s Tools of Thomastown, 
Victoria. 


The Machine Dynamics’ robots can be 
set up for a new line in about three 
minutes and are fed by a tube conveyer 
system. The robots have dramatically 
increased productivity at Sutton’s, thus 
ensuring that the company’s products 
remain competitive. 




SEALED LEAD-ACID STATIONARY BATTERY 


UXL SERIESm- 


Conventional vented type stationary batteries 
require water replenishment due to water decomposi¬ 
tion during charge. The "UXL Type" battery intro¬ 
duced herein incorporates further the maintenance- 
free design which eliminates such troublesome main¬ 
tenances as electrolyte level check, water topping-up, 
specific gravity measurement and equalizing charge, 
making the battery truly maintenance free. This is a 
sealed type stationary lead-acid battery of long life, 
high reliability and high performance, which has been 
developed based on the technologies of the small size 
sealed batteries. - 

UXL Saves up to - 

Half On Space Battery Model 


GENERAL SPECIFICATIONS 


jOMTEX 

ELECTRONICS 

A DIVISION OF TLE ELECTRICAL PTY LIMITED 

(Incorporated in New South Wales) 

TELEPHONE (02) 728-2121, 727-5444 36 LISBON STREET 
TELEX AA27922 ATTN AMTEX FAIRFIELD, NSW 2165 

FACSIMILE (02) 728-2837 AUSTRALIA 
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News Highlights 

Hetero-junction 
bipolar transistor 

Toshiba researchers have developed a 
hetero-junction bipolar transistor (HBT) 
with a switching time of 35 picoseconds. 

The transistor uses compound semi¬ 
conductor materials of aluminium gal¬ 
lium arsenide (AlGaAs) and gallium 
arsenide (GaAs), according to Toshiba. 
It is suitable for use in central process¬ 
ing units (CPUs) for next generation 
supercomputers, and in transceivers for 
optical communications. 

In conventional transistors, the emit¬ 
ter and the base are formed respectively 
by using different masks, which means 
extra space is needed to ensure enough 
isolation between each electrode. This, 
in turn, increases the overall size of the 
transistor. 

Toshiba’s new transistor overcomes 
this problem by shrinking the gap be¬ 
tween the emitter and base electrodes 
using a process called the “self-align¬ 
ment” method. In this method, the 
emitter is formed first and a thin layer 


Holiday camps 

Each Christmas, vacation camps for 
high school students interested in elec¬ 
tronics, computing and photography are 
held at Mount Victoria, NSW. 

Known as Camp Technology, they are 
an interdenominational Christian or¬ 
ganisation project. 

Participants can construct electronic 
projects, try their hand at computer 
programming, operate amateur radio 
station VK2BCT, shoot, develop and 
print photographs, and learn video pro¬ 
duction. 

Two camps are planned for this sum¬ 
mer — one for boys years 7 to 9 (in 
1986) and the other for boys and girls 
years 10 to 12. Dates are the 6th to 13th 
and 14th to 21st January, 1987 and the 
cost is $95. 

For further information contact Scrip¬ 
ture Union, 120 Chalmers Street, Surry 
Hills 2010. Telephone (02) 690 1777. 

Subscription winner 

The winner of the Sony Digital 
Audio/Video system, from an EA 
subscription is: 

G. Somerville, Punchbowl, NSW 

The competition appeared in EA 
during May, June and July. 




of silicon dioxide is then introduced as 
an insulator to completely cover the 
emitter region. The base electrodes (in 
the case of an IC) are then formed 
directly next to this Si0 2 layer. 

As a result of the new technology, the 


.25 


width of the emitter is halved from four 
to two microns and the gap between the 
emitter and base electrodes is down 
from one micron to 0.25 microns. This, 
in turn, significantly reduces the size of 
the transistor. 


The colder the clock the better 


Researchers at the University of Brit¬ 
ish Columbia in Vancouver, Canada, 
have made a step towards developing 
the most accurate clock in the world. 

At present the hydrogen maser oper¬ 
ating at room temperature has the most 
accurate atomic clock — it loses about 
one second every 30 million years. The 
new Canadian design is a liquid-hydro¬ 
gen maser that works at just 0.5°K — or 
-272.5°C in everyday language. It is 
said to be 10 times more accurate than 
existing masers, losing just one second 
every 300 million years, and in theory 
could be made 100 times more accurate 
again. 

The greater accuracy results from the 


stability achieved at the very low tem¬ 
perature at which the clock functions. 
Up until the Canadian work, Teflon has 
always been used to coat the inner wall 
of a hydrogen maser and at very low 
temperatures this becomes useless. The 
hydrogen atoms can no longer bounce 
off the Teflon walls, the frequency of 
the microwaves that this creates defin¬ 
ing the basic unit of time. 

The Canadians have overcome this 
problem by using walls coated with a 
thin layer of liquid helium. 

Possible applications for the new 
clock include helping to track deep 
space probes, and detecting gravity 
waves. 
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WANT A NEW CHALLENGE? 




EXPLORE THE UNIVERSE THROUGH A 

MEADE TELESCOPE 


Discovers planets, moons, suns, nebulae, starclusters, 
comets, galaxies, supernovae, and if you like take a 
photograph of what you see! 

MEADE SCHMIDT CASSEGRAIN ► 

SERIES So technically advanced they’re 
warranted for life. Available with three 
different apertures - 100mm, 200mm and 
254mm. These telescopes are the ultimate 
combination of performance and portability 
Laser tested, hand matched optics with 
Quartz electronic drive systems make 
these the most sought after telescopes in 
the world today. Prices start at $1630 for 
model 2045 (100mm apertures f 10, 
f/LI 000mm) complete with new quartz 
electronic drive system. 


◄ MEADE NEWTONIAN REFLECTOR SERIES Meade reflector 
combine optical performance second to none with rock solid motorised 
mountings so necessary for successful viewing and photography. This 
series starts with Model 618F (150mm aperture f8. f/L 1200mrri) complete 
with motor drive for SI 967. They have excellent deep space photographic 
capability while at the same time permitting superb planetary and lunar 
resolution. Sizes range up to the marine 312mm. Research series which is 
already used in many schools and college observatories around the world, 
MEADE GIANTDEEPSPACE ► 

SERIES This series provides 
“Big Aperture” at an affordable 
price. The DS16 (406mm 
aperture f4.5) is still the biggest 
commercially available 
telescope “off the shelf” in 
Australia. Motor drive is 
included but all other 
accessories are left to your 
choice. DS16 owners all rave 
about unbelievable deep 

316$4794. 
available 
is the smaller 
DS10S2510. 


CONTACT YOUR NEAREST STATE DEALER . . . 

• PRECISION OPTICS AUSTRALIA 

138 Railway Pde. Leederville 6007. 008-99 9832 

• YORK OPTICAL 

7th Floor, 270 Flinders St. Melbourne 3000. 03-654 3938 

• BINOCULAR & TELESCOPE SHOP 

Shop F9, The Flunter Connection 

310 George St. Sydney 2000. 02-235 3190 

• AUDIO OPTICS 

2 Central Stn. Cnr. Edward and Turbot St. Brisbane. QLD. 4000. 07-221 6398. 

• CAPITAL COLOUR 

43 Northbourne Ave. Canberra City 2601.062-47 4030 


◄ MEADE SPOTTING SCOPES, TELEPHOTO LENSES 

Compact, light and powerful. If you have a camera, a casual interest 
in astronomy and enjoy nature then owning one of these instruments 
will be lots of fun. Observe wildlife, enjoy the view from your home, 
see the craters on the moon or the rings around Saturn. Attach your 
camera in a matter of seconds and you have a 1000mm telephoto 
lens. By inserting various eye pieces visual and photographic power 
of up to 200 times can be obtained. Models start at 97D (90mm 
aperture ft 1 f/L 1000mm) $895 


MEADE INSTRUMENT 
CORPORATION U.S.A. 

THE LEADERS IN QUALITY TELESCOPE DESIGN 

SEND FOR FURTHER DETAILS:- 















High current 
amplifiers 

Do we need them? 


How important is the current-sourcing ability 
of amplifiers? Does it need to be specified 
separately, in addition to power ratings or is it 
a new marketing ploy dreamed up by the 
amplifier manufacturers? 

by LEO SIMPSON 


One of the parameters we read more 
of in amplifier advertisements these 
days is current capability. According to 
some audiophiles and designers, current 
capability is one of the most important 
characteristics of an amplifier. Hence, 
typical amplifiers today, as well as hav¬ 
ing power ratings into 8-ohm and 4-ohm 
loads, also have a figure quoted for in¬ 
stantaneous current capability. 

For example, a current model (sorry 
about that) from the USA has a rated 
power of 70 watts per channel into 8 
ohms and an instantaneous current 
capability of 50 amps. This is said to 
make it suitable for use with low imped¬ 
ance speakers. 

Well, just how important is current 
sourcing ability? And just how much 
current should an amplifier be able to 
deliver, for a given power rating. A few 
moments’ work with a calculator will 
quickly show the answers to these 
questions. 

For example, let us consider the re¬ 
cent Playmaster Sixty/Sixty amplifier 
which had a nominal rating of sixty 
watts per channel. As the spec panel 
published in the May 1986 issue of EA 
showed, the amplifier was able to de¬ 
liver about 74 watts into an 8-ohm load 
with one channel driven and about 88 
watts into a 4-ohm load, again with one 
channel driven. This means, that on a 
steady-state basis, the amplifier could 
deliver about 3 amps into an 8-ohm 


load and about 4.7 amps into a 4-ohm 
load. 

That does not sound like very much 
when compared to the figure of 50 amps 
quoted above, does it? But the figure 
was quoted as an instantaneous capabil¬ 
ity, so perhaps we should use the dy¬ 
namic power figures as a guide. For the 
Playmaster Sixty/Sixty, these figures 
were 105 watts into 8 ohms and 153 
watts into 4 ohms, both for a single 
channel being driven. 

These figures are obtained using the 
IHF procedure which involves using a 
pulsed sinewave signal with a pulse 
duration of 20 milliseconds and a pulse 
repetition rate of 2Hz; ie, two pulses 
per second. 

Again, you can calculate the equiva¬ 
lent current figures at about 3.6 amps 
for the 8-ohm load condition and about 
6.2 amps for the 4-ohm load condition. 
These are RMS figures (root mean 
square) which are the effective or DC 
equivalent values for an AC sinewave 
signal. To get the instantaneous figure, 
we have to multiply the RMS value by 
1.414. This gives instantaneous values of 
just over 5 amps for the 8-ohm condi¬ 
tion and 8.75 amps for the 4-ohm condi¬ 
tion. 

And while we did not quote the per¬ 
formance of the Playmaster amplifier 
into 2-ohm loads, it will deliver a peak 
current of about 11.5 amps. This corre¬ 
sponds to an IHF power output of 


about 130 watts. Even if we take the 
highest possible figure of 11.5 amps, it 
is still paltry compared with the 50 amps 
figure for the American designed ampli¬ 
fier. So why did they need it? 

The note about suitability for low im¬ 
pedance speakers gives the clue. These 
high current requirements are based on 
the fact that loudspeakers do not pre¬ 
sent a simple resistive load to the ampli¬ 
fier terminals. Instead, they are a com¬ 
plex impedance. On some speaker sys¬ 
tems, the actual impedance value at a 
particular frequency may plummet to 
below two ohms. 

This can happen if the loudspeaker 
system is transformer-coupled, as in the 
case of an electrostatic system, or has a 
badly designed crossover network. With 
these sorts of loudspeakers, the ampli¬ 
fier must be able to deliver very high 
currents if it is to avoid distorting the 
signal waveform, for a given volume 
setting. This will not be a problem for 
the amplifier at low volume settings but 
at high settings, where the amplifier is 
close to clipping, it can cause a serious 
reduction in power output. 

So would it be possible to produce an 
amplifier with a nominal rating of 70 
watts per channel into 8-ohm loads, 
able to deliver an instantaneous current 
of 50 amps? Quite simply, yes. But 
there are a number of big ifs. 

Rugged output 
stage required 

First, the output stage must have suf¬ 
ficiently highly rated power transistors 
to be able to deliver 50 amps peak. To 
do it safely, the transistors would prob¬ 
ably have to be capable of delivering up 
to 100 amps on a pulsed basis. Surpris¬ 
ing though it may seem, such a require¬ 
ment is not too difficult these days. The 
designer could even obtain such an out¬ 
put stage capacity with single transistors 
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(or Darlingtons) without the need to 
parallel transistors. 

It is a lot more difficult to obtain such 
a high capacity with power Mosfets 
though, since they are transconductance 
devices, ie, they require so many volts 
into the gate to obtain so many amps of 
drain current. (Typically, at least three 
Mosfets would have to be paralleled to 
obtain a 50 amp capacity, giving an out¬ 
put stage of six transistors.) 

Of course, as well as having high cur¬ 
rent capacity, the output transistors 
would require adequate voltage and 
rawer ratings. A typical device might 
lave a collector rating 120 volts and a 
power rating of 300 watts. At the same 
time, it would need very good “second 
breakdown” characteristics if it was to 
be able to safely handle reactive loads. 
Be under no illusions, all loudspeakers 
are highly reactive somewhere within 
the audible spectrum. 

And it is the reactive load condition 
which rejects most high current transis¬ 
tors as being unsuitable for high power 
amplifier design. “Second breakdown” 
is the bugbear. This is the process by 
which bipolar transistors develop hot 
spots at the higher voltage and high cur¬ 
rent conditions. The higher voltages 
cause current crowding which then 
causes the hot spots. It is the hot spots 
on the chip surface which can cause fail¬ 
ure of the device. 

Because of the second breakdown ef¬ 
fect, all bipolar transistors have to be 
derated to some extent at the higher 
voltages. And paradoxically, the tend¬ 
ency is for the very high current devices 
to be derated the most. 

So even if you could obtain sufficient 
current capacity (ie, 50A) with a pair of 
complementary output transistors, the 
chances are that a viable output stage 
would require at least four output tran¬ 
sistors if it was to be a reliable design. 
To be a really conservative design, 
capable of handling the most difficult, 
low value, reactive loads, you might 
need as many as six output devices in 
each channel. 


A rugged amplifier if ever 
10 amps on a short term 


one, this Perreaux PM3150 is capable of delivering 


total power supply capacitance of 80,000uF. 

As well as making sure that the out¬ 
put transistors have sufficient current 
sourcing ability, the designer must make 
sure that the driver stages can also de¬ 
liver enough current to the output tran¬ 
sistors, without any danger of damage 
to the devices if the loads are short 
circuit. 


How to calculate maximum 

amplifier output current 

To calculate the maximum in¬ 

oc 

X 

CL 

II 

> 

= /100 x 4 

stantaneous output current of an 


= 20 volts 

amplifier, you need to know how 

We then 

calculate the peak 

much power it can deliver from 

voltage by 

multiplying V L by 

one channel into the specified 

1.414 to obtain 28.28 volts. We 

minimum load. For example, if it 

then calculate the peak current: 

will deliver 100 watts on a short 
term basis into a 4ft load, we 

Ip = Vp 

= 28.28 

calculate the RMS voltage 

R 

4 

across the load as: 


= 7.07 amps 


Power supply 

Having taken care of the amplifier 
output stage, the next requirement is 
for sufficient current capacity from the 
power supply. Since the current only 
has to be delivered for a very short 
time, less than 50 milliseconds, say, it is 
possible to build in this order of current 
capacity merely by specifying very large 
filter capacitors in the power supply. 
So, while the Playmaster Sixty-Sixty 
used a value of 5000/xF for the total fil¬ 
ter capacitance for both the positive and 
negative supply rails, the value probably 
may have to be increased to around 
15,000/xF or more, depending on the 
quality of the capacitors. 

At the same time, all the conductors 
within the amplifier would have to be of 
sufficient cross-section to ensure that 
resistive losses did not become excessive 
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The power amplifier of the Playmaster Sixty-Sixty. This has very rugged power transistors in the output stage but these would need to be 

paralleled up to increase the output current capability. 

0.67(1 or less. 

The first condition could occur quite 
often, particularly if the volume setting 
is high. The second condition would be 
very rare, if it is ever likely to happen 
at all. 

Having come this far though, let us 
look at a more-likely worst case condi¬ 
tion. Consider for example, if we have 
two sets of loudspeakers connected, 
both of which have a nominal imped¬ 
ance of 4(1. For a typical loudspeaker 
system, you can expect that the mini¬ 
mum impedance will be at least two- 
thirds of the nominal impedance, or 
2.68(1. With two such loudspeakers in 
parallel, the load impedance is therefore 
1.34(1 which is getting pretty low. For 
the same maximum output condition as 
listed above, the amplifier will now 
have to deliver 25 amps. 

Frankly, the likelihood of having two 
sets of loudspeakers which have a mini¬ 
mum impedance of 1.34(1 (to obtain a 
parallel combination of 0.67(1) is 
stretching credibility. And the likeli¬ 
hood of having any loudspeaker with a 
nominal impedance of 8(1 with such a 
minimum impedance is zero. Such a 
loudspeaker would cause so many prob¬ 
lems with ordinary amplifiers that it 
would quickly be withdrawn from sale. 
No self-respecting loudspeaker designer 
would produce such a system. 

So what conclusion are we left with? 


High current amplifiers 


at these high output currents. At 50 
amps, a resistance of only 0.1 ohms be¬ 
tween the commoned-emitters of the 
power transistors and the loudspeaker 
would mean a loss of 5V. That would 
not be easily achieved. 

It goes without saying that a 70 
watt/channel amplifier with a 50 amp in¬ 
stantaneous current capability would 
cost a lot more than an equivalently 
rated amplifier such as the Playmaster 
Sixty-Sixty. And having paid for such an 


amplifier, what are the circumstances in 
which it would be required to deliver its 
all? 

The conditions under which 50 amps 
peak would be required are simply 
these: (a) the amplifier is driven to de¬ 
liver its full output voltage swing. For 
an output capability of 70 watts into an 
8-ohm load, this amounts to 23.7 volts 
RMS or 33.5 volts peak; and (b) the 
loudspeaker impedance for the signal 
being delivered by the amplifier must be 



NOT REPRESENT THE 
FREOUENCY RESPONSE 
--WE LOUDSPEAKER 


This is the B&W DM110 which has an impe- 
dence characteristic typical of many well-de¬ 
signed loudspeakers. Notice that it does not 
dip below 5 ohms at any point in the audible 
frequency range. 
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We have to consider that it is possible 
to have a situation where a user may 
have two sets of loudspeakers which, 
when connected in parallel, will have a 
minimum impedance of 1.34(1. And 
therefore, if the amplifier is not to clip 
prematurely when driven to full output, 
t needs to be able to deliver 25 amps 
peak. 

More realistically, a typical user may 
have two pairs of 8-ohm loudspeakers 
(or one pair of 4-ohm loudspeakers) 
which can be expected to have a mini¬ 
mum impedance, when connected in 
parallel, of no less than 2.5(1. The am¬ 
plifier now has to deliver 13.4 amps 
peak. 

Or if we use the example cited at the 
start of this article, where the minimum 
loudspeaker impedance is 2(1, the maxi¬ 
mum peak output current, for a peak 
output voltage of 33.5V, is 16.75 amps. 
Note that this current capability is only 
required when the amplifier is being 
driven flat out. The consequence of 
using a less well endowed amplifier (as 
far as current capability is concerned) is 
that difficult loudspeakers would not be 
able to be driven quite as hard before 
severe distortion became apparent. 

So you could argue that a 70 watt per 
channel amplifier with an output current 
of say, 20 amps, is desirable, for the 
best quality sound, and you would be 
right, as far as technical considerations 
are concerned. But to argue that a 70 
watt per channel amplifier needs a 50 
amp instantaneous current capability is 
ridiculous. 

So where does that leave the Playmas- 
ter Sixty-Sixty which we have used as 
the basis for comparison in this article? 
Plainly, it is not intended to drive very 
low impedance loads although it will 
safely drive a 2-ohm load for short peri¬ 
ods. If driven hard into such a low 
value load, it will blow the fuses. In 
other words, it is designed to survive 
being connected to low impedance loads 
and short circuits, not to drive them. 

With typical 8-ohm loudspeakers 
though, whose impedance values fall 
into the expected range, it would be ex¬ 
tremely hard to better the performance 
of the Playmaster Sixty-Sixty, at any 
price. 

It would be possible to beef up the 
output stages of the Playmaster ampli¬ 
fier, but that would require the addition 
of more output transistors, larger heat¬ 
sinks and bigger filter capacitors in the 
power supply. It would add up to a con¬ 
siderably more costly amplifier with no 
audible improvement to the perform¬ 
ance, except on “difficult” loudspeak¬ 
ers. © I 


LIKE TO GET AN 
AMATEUR RADIO CERTIFICATE? 

irSMUCH EASIER 
WITH PROFESSIONAL HELP. 



If something's worth doing, it’s worth doing well. So don’t waste 
your valuable spare time finding your own way through the Amateur 
Radio maze. Ask Stott's instead. We have top professional instructors, 
who’ll make sure your time is well spent on your way to an operator's 
certificate. You’ll have individual attention, working at your own speed, 
in the comfort of your own home. Any queries will be answered 
personally, and promptly. 

So don’t delay. Mail the coupon for full details. 

Over and out. 


Stolls IP 

CORRESPONDENCE COLLEGE 

The name to trust in correspondence education. 
Please send me free, and without obligation, 
full details of the following courses: 


-><1 


MR MRS MISS _ 


^>tOtt S 


el. 7000 Tel 34 2399 I 

Zealand -19*' !.*-*<’ v - 1 -'' ■ 

The Stott's range ot courses | 
in Amateur Radio is: 

Novice Amateur Operator's I 

Certilicate of Proficiency. I 

Amateur Operator’s Certificate * 

of Proficiency. a 

Amateur Operator's Limited 
Certificate of Proficiency. I 

Radio for Amateurs. 

ALA/ST5285/EA786 I 
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C FM& WIRELESS ^ 

ELECTRET 
MICROPHONE 


No more cordsl This incredibly clear 
microphone has a built-in FM transmitter 
that can be picked up by any FM receiver. 
The signal can be amplified for PA etc. 


—„---Frequency 

response is wide and flat. Also usable as a 
conventional microphone with the supplied 
cable (saves power). Includes windshield. 

AM-4070 


ONLY $32.50 



PIONEER 12” 


GUITAR 422 

Our most popular guitar speaker ever - si 
About Vi the price of most others of the : 
quality. 100 watts RMS; freque 
- 6kHz; resonance 80Hz; SPL1 
huge 4,002 gram magnet! 

Cat. CG-2380 

ONLY $89.50 





r 10 AMP DIGITAL 
MULTIMETER 

WITH TRANSISTOR TEST FACILITY 

Superb features and specifications. Includes 0.5“ 
high digits, single function range switch, long 
battery life etc. Size 170(h) x 90(w) x 35(d)mm. 
SEE THE J AYCAR 1986 CATALOGUE FOR 
MORE DETAILS. 

Cat QM-1530 

ONLY $89.95 


10 AMP DIGITAL 
MULTIMETER + 

TRANSISTOR TESTER & 


The big daddy - this superb unit features OS 
high digits, CMOS logic, auto polarity etc. 
Cat.QM-1540 

A BARGAIN AT 
$129.00 


4/2 DIGIT ACCURACY 
3/2 DIGIT PRICE!! 

AND DIGITAL HOLD TO BOOT! 

' " ink a multimeter with 0.15% accuracy 

-.-st ohms ranges. 0.05% on DC volts 

and 0.5% MAX on DC currentl STAGGER¬ 
ING. Plus, continuity buzzer and LED sym- 


,vinyl '■ 


nil NOT TO MENTION th 


DATA HOLD a... 

transistor and diode testerll 
SPECIFICATIONS: 

♦ 0 -1 kV DC 0.05% ♦ 0 - 750V AC 0.8% 
(max) « 10A DC 0.5% (max) ♦ 0-10AAC 
1% (max) « 20M ohm 0.5% (max) 
FEATURES: 

♦ All ranges fully protected ♦ Auto zero « 

0.5' high LCD e Diode test (1 mA fixed cur¬ 
rent) « LCD display feature ♦ Functional 
annunciators ♦ Extremely accurate . 20 
page instrir"- . 


Cat. QM-1550 


ONLY $159.00 



SILLY PRICES 

ON SEMIS 

$2.00 - 

$4.00 




BARGAIN 

ELECTRO 


68 O 4 F 63V 

Cat. RE-5909 ^ 

ONLY500 each 

10 up 40p each 



TELEMAIL 
PHONE 
NUMBERS 
(008) 022 888 
TOLL FREE 

FOR ORDERS ONLY 

(02) 747 1888 

HOTLINE 


I TEFLON COAXRG 
178-50 OHM 


SAVE UP TO 

62 % 


-Ilyexper 

you at an ENORMOUS t_. 
Normally around $4/metre. 




50% ON T U fiEsl 2 pRIC*ES° i/WV|{| HE ” 

i$%retr 4me,res,orsi0(i - e - 

Cat. WB-2302 

$2^met Pa °k ° f 10 metres ,or S 20 ('•»• 

Buy a pack of 50 n 
$1.50/metre) 


y* 


ss for $75 (1.8. 


TAKE A 

FURTHER 50% OFF 
THESE PRICES 


ARLEC SUPERTOOL 

You've probably heard about this great product. Now you can get one from Jaycar. It drills, 
lion 10 000 *' £ n9raves ' cu,s ’ P° llshes ' mllls dod erasers. Two year warranty. 240V opera- / 
Cat.'TH-1900 3m ' .1 

ONLY $59.95 

ATTACHMENTS: r 

✓ 


Diamond Engraving Bit: 


BUY NOW FOR 
CHRISTMAS 



SEC 

APPROVED 

FUSE 

HOLDERS 



IS JAYCAR JAYCAR My 8SS jSj jiS JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR 
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r PRECISION T 
CAPACITOR PACK 
1 & 2% 

Stock up now. These are normally $3 to $4 
each. Values range trom 220pF to 0.22uF. 
We supply two ot each value up to 7 dif¬ 
ferent values. Most are 1%, with some 2%. 

Pack of 20 capacitors 

ONLY $12.50 

Cat. RG-519B 

Usually worth $60.00 


PHILIPS 
POCKETBOOK \ 

a famous Philips preferred type range | 


The famous Philips preferred type range 

catalogue. We purchased the last few ■ 

1985 editions and can offer them at greatly | 


NORMALLY WORTH $25 

Over 500 pages 
Why buy a 1983 copy? 
LIMITED QUANTITIES 
Cat. BP-4400 

ONLY $12.95 


I 


\ /QUALITY 

BUZZER 

AUSTRALIAN MADE 

This is your classic extension buzzer for 
virtually any purpose: door, telephone etx, 
office communication etc. It will run from 
24V Ac or DC and emits a loud buzzing 
tone that is not annoying. The tone can be 

The base of the unit (black phenolic) 
measures 84(L) x 70(W)mm. Mounted on 
the base is the buzzer assembly (under a 
black metal cover) and two heavy screw 
mounting terminals. It Is attractive enough 


NEW GENERATION 
CORDLESS PHONE 

Microprocessor controlled - 200 
metres range and absolute 
security 

Quite simply the finest cordless phone we 
have appraised. Naturally it is in total con¬ 
formity to the 1986 Telecom Specifications 
and is Telecom approved. 

The range with the 39/30MHZ RX/TX FM 
system is fabulous - as against thevagr^ 


_range cordless phones of ye 

FEATURES: 

* Operating range up to 750ft (250m) * 
Secuii^code^.emwKhelWBkcom^ 
-> horvfcot fnr Ira*/ hattfifV indica- 



NYLON PCB SPACERS 

Jaycar has just landed a great new range of high quality nylon PCB spacers. Fixing is 
^"•'ze 6 or 8 self tapping screws. The flat centre section ca~ -- - r ' row “ nf 


LED/CdS CELL 
OPTO ISOLATOR 


"\/" BRAND NEW 


iis handy corrponent consists of a LED 


__Sulphide cell 

moulded into the opposite end. By varying 
" ' 'nhtness of the LED (by v— 


the brightness of the LED (by varying the 
current through it) the resistance ot the 
CdS cell decreases proportionally. 

This can be used lor an opto-coupler or 


Cat. ZD-1980 

ONLY $3 each 


UNISELECTOR 

SWITCHES 

•Basically a fantastic 6 pole, 14 way 
solenoid driven rotary switchl 
Buy one, some day you will need Itl These 
'AEG' brand uniselector switches are very, 

design. One day every experimenter will 


ONLY $10 each , 


„.:perimentei 

TELEPHONE LINE Ja card edge Son, 
TRANSFORMERS 

Another Jaycar SCOOP 

purchase) 

We have acquired a limited quantity ot 
Telecom type multiple line, line isolation 
transformers. They are also fitted with a 

They are brand 


COMMODORE * 
COMPUTER ■ 

z EDGE CONNECTOR Z 
AT LAST! ■ 

lector that tits on the ex- ■ 


Commodore enthusiastsl 


ZONLY $6.95 


clearly ma.f«™ »-- 

As you can see by the schematic, they 
have two line inputs and two equipment 
inputs, (apart from the ring winding). 

This is a VERY high quality transformer. It 
would be ideal for modem experimenters. 
PABX experimenters or anyone requiring a 
high quality multi-pole line isolating 


as 90(H) x 58(W) x 48(D)mm. 


IT-3800 


$10.00 each 

Limited Quantity 
NOTE: Due to weight (a whis¬ 
ker under a kilo) the P&P is $5. 


UU-U 

mP 


TOP 

VALUE 

FROM 

JAYCAR 


JAYCAR 

JAYCAR 

JAYCAR 


JAYCAR 

JAYCAR 


Telecommunication 
Grade Power 
TRANSFORMER JAY ? A ? 

This transformer is housed in a sturdy grey 
steel box with a removable matching lid. 

The box measures 135(H) x 
120(square)mm and weighs 4.3kg. Rubber 
grommetted entry and exit holes are 

SPECIFICATIONS 
Input 200, 220, 240V AC 

Output 0,42, 45 & 60V AC @2.5A _ 

A very high quality Australian made JAYCAR 

product, ideal for Power Amp or Power 

CaL P MM- S 1800 

Only $30.00 each JA - S 

Personal shoppers ONLY 
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AYCAR 


AM/FM STEREO TUNER 

SYNTHESISED CatKA1636 

Ref: EA Decembers-Feb'86 ua.iwibJb 

Cat. KA-1635 $89.50 

$499.00 


REMOTE CONTROL 


VlFA 

SPEAKERS 


ETI5000 PRE-AMP 
“BLUE PRINT” 

Cat. KE-4202 

$339.00 


PLAYMASTER 
SERIES 200 
HI FI MOSFET AMP 

Ref: EA Jan - March 1985 
100 WATTS RMS (CHANNEL) 
Cat. KA-1500 

$499.00 


ETI5000 Vard 
OCTAVE EQUALISER 

Cat. KE-4204 

$209.00 



“ULTRA FIDELITY' 
PREAMPLIFIER 

Ref: AEM Oct-Dec 1985 
Cat. KM-3030 

$289.00 


2010 10 BAND 
STEREO EQUALISER 

Cat. KJ-6535 

$159.00 


2801 Vsrd OCTAVE 
EQUALISER 

• 240V operated . Cannon sockets . Pro 
CaLtCJ-6531 

$225.00 


ELECTRIC FENCE 
CONTROLLER 

“ ' EA December 1985 



BUY NOW FOR CHRISTMAS 
FROM JAYCAR 


AEM4600 DUAL 
SPEED MODEM 

Ref: AEM December 1985 


EA 60/60 2 WAY 



$369.00 

SPEAKERS, CROSSOVERS & 
CABINETS 



AEM 6102-2 WAY 
COMPLETE 
$799 pr 

Commercial units cost about $1,800 
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ONLY $35.00 


Cat. KE-4690 


f JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR 
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LIGHT - «« Wd 


*RS2 

COMMODORE 

Ref: ETI July 1986 


PLAYMASTER 60160 

STEREO AMPUFIER 


LIGHT qq 

SAVER 

Ref: EA June 1986 

Supplied without plate and epoxy 
3aLKA-1670 


DIGITAL A m •ffiEiS 

SAMPLER $119.00 1 | JAYCAR 


ETI 142 

Cat. KE-4720 


$299.00 


$14.95 


TELEPHONE 

SCREAMER 


W HIGH POWER 
" ELECTRIC FENCE 

See EA October 1986 
The two previous electric fence projects have 
been very popular. This high power version is 
for those big jobs. Works well in conditions 
where there is a lot of wet grass near fence. 
Cat. KA-1678 

$229 


PARAMETRIC 
EQUALISER con zn 


SCREAMER 


obscene calls, hit the button and the calu 
will be deafened by a loud scream. Make 
a nice gift for the woman who is perhaps 
on her own. 

Cat. KE-4726 

$29.95 


$32.50 

Includes Piezo 


~ AEM6000 

POWER AMP 

' 250W RMS per channel 
* 2 x 300VA Toroids 
' Massive diecast heatsink 
‘ Speaker protection 

Sat.KM-3022 

See AEM October 

P.O.A. 


TURBO TIMER 

See EA Sept 1986 

A simple sensor system to prevent the cs 
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Video recorders: 
new battle looms 

If you thought that all was now sweetness and light in the 
world of video cassette recorders, there may be good reason 
to think again. JVC and Sony, the principals in the long- 
running VHS/Beta battle, seem poised for another confronta¬ 
tion, this time involving the new 8mm video format. 


The original battle of the formats, in¬ 
volving VHS, Beta and V2000, is now 
history and scarcely warrants recounting 
at length. 

It is sufficient to recall that Philips 
demonstrated the potential of domestic 
VCRs in the early 70s, beginning with 
their N1500 (1972) and culminating in 
the technically impressive V2000 (1979). 

To the rapidly expanding Japanese 
electronics industry, domestic VCRs 
presented a golden opportunity and, by¬ 
passing the European initiative, they set 
about developing their own designs, pri¬ 
marily for the Japanese and American 
(NTSC) markets but with the PAL and 
SECAM areas in longer view. 

As it turned out, two dominant Japa¬ 
nese formats emerged: Beta, sponsored 
by Sony, and VHS sponsored by JVC 
(Japanese Victor Company) — basically 
similar but mechanically incompatible. 
Together, they invaded world markets 
although, at the same time, exploiting 
every trick in the book to assert their 
own individual superiority. 

It became an emotive, as well as a 
technical and marketing issue but, leav¬ 
ing aside the “leap-frogging” that 
marked successive refinements, there 
was really very little to choose between 
the two formats in terms of the end 
result. 

VHS finally prevailed, mainly because 
of majority support by big-name manu¬ 
facturers, headed up by JVC’s powerful 
parent company Matsushita (National, 
Panasonic, Technics). 

Locally, the emotive aspect of the 
contest was highlighted by a segment in 
Leo Simpson’s editorial in the July ’84 
issue entitled: “VHS has won the mar¬ 
keting battle against Beta.” 


It raised a chorus of protest from 
Beta distributors and owners, who vari¬ 
ously saw the editorial as blind preju¬ 
dice, part of a deliberate conspiracy or 
a potentially self-fulfilling prophecy. 

In fact, it was an objective observa¬ 
tion based on analysis of video cassette 
sales and rentals, on covert moves to¬ 
wards VHS being made by major Beta 
manufacturers, and a not-so-covert run¬ 
out of Beta models — evidence dis¬ 
counted by correspondents in subse¬ 
quent issues. 

But the editorial was spot-on. Within 
less than twelve months, Sony was the 
sole remaining manufacturer of Beta 
format VCRs while, elsewhere, the 
Philips group had also transferred their 
support from V2000 to VHS. 

According to JVC, as at June 30 last, 
VHS had chalked up around 100 million 
sales worldwide — roughly four times 
the figure for all other domestic formats 
combined. 

A new “standard”? 

At about the time when the format 
furore was at its peak, it became known 
that video manufacturers had reached 
agreement on a new video format using 
8mm wide tape (compared with the ex¬ 
isting 12.7mm standard) accommodated 
in a cassette broadly similar in size to 
an audio compact cassette. 

The parameters were debated and 
determined with a particular eye to the 
needs of video photographers. Apart 
from being a technically appropriate fig¬ 
ure, 8mm offered the marketing advan¬ 
tage of an automatic association with 
8mm home movie film. 

The new format incorporated desira¬ 
ble technology from the established sys¬ 


tems and, having been endorsed by no 
less than 127 major companies world¬ 
wide, provided some assurance that 
those who chose to enter the compact 
video field would not end up with an¬ 
other set of conflicting standards. 

Commonsense, it seemed, had pre¬ 
vailed, although Kodak did cause some 
concern by announcing that they 
planned to launch the new format forth¬ 
with — without awaiting the conven¬ 
ience of the electronics industry. 

But perhaps it didn’t matter; Kodak 
was primarily a photographic supplier 
faced with an inevitable changeover 
from photographic film to magnetic 
tape. Why complain if they took upon 
themselves the task of pioneering the 
new format? 

By and large, the video industry set¬ 
tled back to take advantage of the con¬ 
tinuing prosperity of VHS, now becom¬ 
ing available with hifi FM-stereo sound, 
enhanced picture quality and compatible 
VHS-C for video photographers who 
wanted something smaller than was pos¬ 
sible with a full 3- to 4-hour cassette. 

The original VHS suppliers were con¬ 
tent and so, apparently, were companies 
like Toshiba, Sanyo, NEC and Philips, 
who had joined them. 

Sony’s counter move ... 

But that left Sony out on a limb, the 
sole major supplier of Beta format 
equipment and certainly not about to 
abandon it in favour of VHS. Theii 
most obvious course was to move 
straight into the new 8mm format, with 
the idea of establishing a trend which 
other manufacturers would ultimately 
have to follow. 

This they have done, releasing a 
range of NTSC and PAL camcorders, 
domestic decks and a PCM processor — 
backed by what has been termed “ex¬ 
tremely aggressive promotion”. While 
Sony has undertaken to support Beta 
for as long as is necessary, the clear im¬ 
plication is that they are looking to the 
future (8mm) not dwelling on the past 
(12.7mm). 

And JVC’s reaction: 

JVC’s response has been to accuse 
Sony of grossly over-selling 8mm 
around the world as the format for the 
future. While JVC admits to being one 
of the 127 signatories, the basic purpose 
of the agreement, they say, was to “en¬ 
able compatibility among 8mm products 
that may appear in the future.” I quote: 

“Agreement on the standard itself in 
no way constitutes a move by the indus¬ 
try or the participating companies to 
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standardise the world market with the 
8mm video format.” 

By its nature, they say, the 8mm for¬ 
mat is “isolated to the portable camera 
recorder market”. It “offers no signifi¬ 
cant advantage over VHS”. 

“8mm is definitely not the next gener¬ 
ation format”, according to JVC, be¬ 
cause it makes no adequate provision 
for recording video technologies of the 
future — a limitation that could even 
see it as “inhibiting the progress of the 
industry as a whole”. 

Pros and cons 

As against some of the speculative re¬ 
porting on the intriguingly compact 
8mm format, comparisons drawn by 
JVC are sobering. The comparative fig¬ 
ures are for the PAL format, applicable 
in Australia: 

Max. Playing Time: VHS offers up to 
3 hours on thick tape, 4 hours on thin 
tape, and 6 or 8 hours at half speed. 
For 8mm the figures are 1 to 1.5 and 2 
to 3 hours respectively, with 8mm heav¬ 
ily dependent on half-speed thin tape 
for timer recording and movies. 

Tape Dimensions: 12.7mm wide: 19 or 
15.6/x thick. 8mm wide: 13 or 10/a thick. 
The durability of 8mm thin tape for 
repetitive use (rental movies) is 
questionable. 

Track Pitch: VHS, normal speed, 
49/a, half speed 24/a. For 8mm, 34.4/a 
and 17/a respectively. 

Picture Quality: For general domestic 
use, the comparison would be between 
VHS at normal speed, and 8mm at half 
speed. For a given quality of tape and 
electronics, VHS will always have the 
advantage. 

Stationary Head Sound: A normal 
-nono or stereo provision with VHS. 
Optional with 8mm but of dubious 
value, especially at half speed. 

FM Sound: VHS uses depth multiplex 
stereo, avoiding prejudice to picture 
quality. 8mm uses frequency multiplex 
(FM), limited to mono to minimise 
inevitable interaction with the video 
signal. 

PCM Audio: Although impressive 
enough at demonstrations, the 8-bit 
51.5kHz system specified for 8mm video 
s actually the lowest specified PCM sys- 
:em in the quality audio field and un- 
ikely to be accepted in lieu of newly 
ieveloped digital audio tape equipment. 

Video cameras 

As for video camera equipment, JVC 
ippear to be well satisfied with their 
)wn VHS-C option — “a little brother” 
o the full-scale VHS cassette, which 
:an be used in any VHS deck with the 


help of an adaptor. While somewhat 
thicker than an 8mm video cassette, it 
has much the same profile dimensions 
and, in a camcorder, involves a video 
drum and associated mechanism of simi¬ 
lar size. 

One possible objection is a recording 
time limit of 30 minutes at standard 
speed, although JVC suggest that, in 
practical video photographic situations, 
30-minute cassettes often prove to be 
more manageable. 

It might well be argued that all this is 
what one would expect JVC to say but 
it does make sense and it does fit the 
current pattern in the industry. 

Some major companies, including 
Matsushita, are manufacturing 8mm 
equipment to order for photographic 
companies, but there is no haste, and 
presumably no present inclination, to 
promote the format in the home video 
market under their own name. 

Looking ahead 

There is substance also in JVC’s claim 
that a VCR format for the future should 
make provision for the next generation 
of video equipment — in short, for 
HDTV (high definition television). 

The most recent issue of “Monitor” 
(from the Institution of Radio & Elec¬ 
tronics Engineers, Australia) reports on 


discussion of HDTV leading up to and 
at the 16th Plenary Assembly of the 
CCIR at Dubrovnik (Yugoslavia) during 
May last. 

Clearly, technology is moving towards 
a standard of video presentation com¬ 
parable to that offered by modern 
35mm photographic film. The tech¬ 
nology is available and the problem is 
not a matter of “if” but of when and by 
what strategy. 

The NTSC block is keen to move 
quickly; the PAL block is more cautious 
and anxious to ensure that the course 
adopted will culminate not only in 
HDTV, as such, but in common, world¬ 
wide video standards. 

How long it will take HDTV to reach 
consumer level is not clear but the pos¬ 
sibility exists that it could happen in 
about the same time frame as would be 
needed to change over to 8mm. On this 
reckoning, the supposed “format of the 
future” would reach maturity in the 
nick of time to become obsolete! 

From what I can gather, the purvey¬ 
ors of VHS VCRs are presently confi¬ 
dent that 8mm won’t make it to the top; 
that there won’t be another format war 
— not over 8mm anyway. 

But, if there isn’t, Sony will have to 
be content for a while with a couple of 
minority formats — Beta & Son (?) — 


What do you really do for a living? 


A few weeks ago I had to write 
a short piece for a careers book¬ 
let on what electronic engineers 
did. It covered the usual activi¬ 
ties of designing, evaluating, in¬ 
venting and advising, but after¬ 
wards I realised that it was writ¬ 
ten more in hope than in truth. 

There have not, to my knowl¬ 
edge, been any recent studies 
here on how electronic engineers 
practice their profession and 
how this relates to their educa¬ 
tion. (Perhaps such a study may 
be worth conducting by our Insti¬ 
tution.) 

But from the reasonable range 
of people I know in the profes¬ 
sion only a few work according 
to the traditional model of engi¬ 
neers. 

While technological change 
has had visible effects on the 
lives of clerical and production 
workers, the less visible changes 
in engineering have had as large 
an effect behind the scenes. 

Designers who once worked at 
the discrete component level ei¬ 
ther do not design at all now or 


work at a higher level in which 
functions are provided by inte¬ 
grated circuits. 

Engineers whose responsibility 
once was to ensure that the 
components of a system would 
work together electrically have 
now become software engineers. 

Computers, it sometimes 
seems, are the new bread¬ 
boards, the medium that pro¬ 
vides the greatest opportunity for 
creativity and challenge. Our 
older readers will see many par¬ 
allels between the role which 
computers play now — as- a 
source of challenge — and radio 
systems of 20 or 30 years ago. 

I am not sure therefore that we 
have as clear an idea today of 
what our profession really means 
as when our Royal Charter was 
written. Accordingly, there is a 
responsibility for the IREE to help 
define this role and provide a 
focus for it. 

Please give this some thought. 
You may be asked for your 
ideas. 

Graham Rigby 
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have to do the ICOM 
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Whatever the communica¬ 
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local dealer for 
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of the most 
advanced CRS 
portable 
available in 
Australia. 


Please post to: 

PTY. LTD. 

7 DUKE STREET WINDSOR 3182. 
VICTORIA. 




City _ Postcode _ 
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plus, of course, a hefty slice of the pro¬ 
fessional audio and video markets! 

Which brings us up to the question as 
to what will take over from the now 
universal VHS format, plus embellish¬ 
ments? What will be the true “next gen¬ 
eration” VCR? One with thin-film 
heads and vertical particle recording? 

Or will it be a VDR — a video disc 
recorder, with VMBs — video memory 
banks — further down the track? 

Sorry, but my crystal ball has misted 
over! 

What do engineers do? 

Hard on the heels of his controversial 
“VHS has won the battle” editorial, 
Leo Simpson did some further stirring 
in the August ’84 issue with a leader en¬ 
titled “So you think you’re an engineer, 
mate!” 

Perhaps he was in a stirring mood at 
the time but he certainly was exasper¬ 
ated after a series of job interviews with 
engineer applicants who proved to have 
a remarkably scant practical knowledge 
of everyday electronic devices. 

Leo just couldn’t understand how 
people who had studied and worked at 
electronics for years could have gener¬ 
ated so little interest in, and remained 
so aloof from the intriguing technology 
around them. 

In the ensuing debate, some agreed 
with his sentiments but others tended to 
the view that a hands-on interest in 
electronic devices was for technicians 
and hobbyists. Engineers had to concen¬ 
trate on broad principles, so that they 
could make intelligent decisions and 
issue perceptive directions in any engi¬ 
neering task in which they might be¬ 
come involved. 

It sounds most impressive but what 
does it really mean, and to what extent 
does it exempt engineers from the need 
for a broad awareness of the practical¬ 
ities of their profession? 

I was reminded of all this when I 
came across the “President’s Column” 
in the same June/July issue of the I REE 
“Monitor”, as mentioned earlier. In it, 
Professor Graham Rigby asks his fellow 
engineer-members the question: “What 
do you really do for a living?” If you 
haven’t read it already, I suggest you 
read it now. 

I noted, in particular, his remarks 
about the migration of engineers from 
component and system design to the 
manipulation of IC functions and com¬ 
puter software. How very true. 

When I first became involved in the 


IREE, the executive and the monthly 
meetings alike were dominated by engi¬ 
neers responsible for the design anc 
production of a wide range of compo 
nents and equipment, along with other: 
connected with communications, radic 
(later TV) broadcasting, audio ant 
recording, film production and so on. 

They were a deeply comrnitted 
hands-on group, who managed not only 
to communicate to their peers what they 
were about, but to enthuse them a: 
well. Rarely did anyone need to asl 
what they did for a living. 

But times have changed and so ha: 
the Australian technological environ 
ment. 

On a relative basis, our involvemen 
in component design and manufacture i: 
but a shadow of what it once was. W< 
may shrug it off as an economic neces 
sity of transitory importance but it ha 
removed a complete strata — mayb< 
two generations — of intensely “practi 
cal” engineers, plus the people and the 
facilities under their direction. 

Much the same is true of those in 
volved in designing and manufacturinj 
radio and TV receivers and transmit 
ters, along with sundry other items in 
eluding (remember?) test equipment. 

By today’s standards, the forma 
qualifications of yesterday’s “practical’ 
engineers might appear modest but, in ; 
continuing situation, qualification 
would assuredly have expanded t( 
match the technology. Increasingly, tha 
kind of expertise has moved “off-shore’ 
— certainly from Australia but also, it 
varying degrees, from other “western’ 
countries. 

What we have left is a distorted tech 
nological structure: a top and a botton 
but no middle: 

• Academically orientated engineers 
largely isolated from the challenge, th 
subtleties and the skills of producin] 
bits, pieces and things; and 

• Technicians, servicemen and train 
ees, looking up a ladder from which th( 
middle rungs have been removed. 

I would hope that the President’s col 
umn will motivate IREE members t< 
think his question through and to re 
spond with information which can b 
sorted and tabulated. 

Analysis of such information migh 
well show that, if modern-day electron 
ics engineers are indeed academical! 
over-biased in attitude and occupation 
the present, distorted structure of th 
industry may be at least partly t< 
blame. ^ 
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CAIRNS 

Services.512404 

BUNDABERG 

Bob Elkins 
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The Electronic 
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MORE ALTRONICS DEALERS WANTED 

If you have a Retail Shop, you could increase your 
income significantly by becoming an Altronics 
Dealer. Phone Steve Wroblewski 09 3817233 for Details 















































Books & 
literatore 



Complete Guide 
to Car Audio 

The Complete Guide to Car Audio: by 
Martin Clifford. Published by Howard 
W. Sams & Co, Indianapolis, 1981. Soft 
covers, 135 X 216mm, 232mm, illus¬ 
trated with photographs and diagrams. 
ISBN 0-672-21820-8. Price $19.95 

In addition to the practical considera¬ 
tions of installing car audio equipment, 
this book offers a brief background to 
the subject and some useful tips of safe¬ 
guarding the gear once it is installed. 

Solid state electronics has benefitted 
;ar audio more than just about any type 
af consumer equipment. Imagine the 
lays when car radios were so large and 
tumbersome that they actually had to 
ae mounted on the running board. 
Sensitivity was so poor that a wire mesh 
intenna as large as the roof had to be 
lsed — not to mention the inconven- 
ence of three different sets of batteries. 
Reading through “The Story of Car 
Audio” chapter certainly stimulates an 
iwareness of the progress that has been 
nade. 

Most of the audio gear offered as 
standard equipment in cars is mediocre 
it best. Some expensive models have 
ivailable equipment with the desirable 


features - but at a surcharge which far 
exceeds the value of the equipment. For 
motorists who want better sound than 
can be had with the standard equip¬ 
ment, but are unfamiliar with the rele¬ 
vant terminolgy and specifications, there 
is an apparently bewildering assortment 
of equipment on the market. 

This book could be most helpful in 
explaining some of the more common 
terms. The prospective buyer would be 
in a much better position to indepen¬ 
dently evaluate the equipment on offer 
instead of depending entirely on the 
salesman’s suggestions. 

From the purely technical point of 
view, the book does not have a great 
deal to offer. The explanations of terms 
like “multipath distortion” and “image 
rejection” are most elementary. But 
considering the non-technical nature of 
the book’s readership, this is quite ap¬ 
propriate. 

The book is also a little dated in 
some respects - particularly with regard 
AM transmissions. No mention is made 
of stereo, and this medium is only cred¬ 
ited with having a bandwidth of 5kHz. 
This latter figure may have been true at 
the time, and may still be true in USA, 
but Australian AM transmissions have a 
claimed bandwidth of over 10kHz pre- 


Data Processing 
Skills and Usage 

Data Processing in Australia by Roy J. 
fCriegler et. al. Published 1986 by Allen & 
Unwin Australia Pty Ltd. Soft cover 136 x 
112mm, 70 pages, with appendices, tabled 
statistics and references. ISBN 0 86861 
>55 9. Retail price $14.95. 

This text is for anyone interested in a 
statistical and historical analysis of the 
mpact of computers on Australian busi- 
less and employment. It has been written 
vith the researcher in mind and attempts 
o trace the how, why and where of com- 
luter growth in this country, and the spe- 
:ial needs it creates in training and em- 
iloying personnel. 

Chapters 2 to 5 set out to determine the 
:xtent of computer penetration into the 
vorkplace and also estimates the number 
>f personnel employed in this type of 
vork. The section goes on to provide in- 
brmation on the demand for employees 


and the training needs of computer-re¬ 
lated personnel. 

Over 2,500 organisations, public and 
private, were sampled by questionaire 
and a number of very interesting facts re¬ 
lating to employment and computerisa¬ 
tion have been brought to light by the 
study. 

The belief that there is a correlation be¬ 
tween the influx of computers in the 
workforce and rising unemployment is 
firmly disputed. 

The final chapters (6 & 7) investigate 
the demand and supply of computer re¬ 
lated personnel now and in the future. In 
particular, chapter 7 considers how to 
avoid over supply in one area to the detri¬ 
ment of another. 

It is a concise and well documented re¬ 
port on data processing in Australia, that 
takes a look at future trends. Our review 
copy came from the publishers, Allen 
Unwin Australia Pty Ltd, PO Box 764, 
North Sydney, NSW 2060. (L.U.) , 



sently. The receivers are a different 
story, though. The 5kHz figure would 
be more than generous for most. 

Our review copy was supplied by Jay- 
car Electronics, PO Box 185, Concord, 
NSW 2137. (C.R.D.). 

How to Build 
Speaker Enclosures 

How To Build Speaker Enclosures: by A. 
Badmaieff and D. Davis. Published by 
Howard W. Sams & Co, Indianapolis, 
1985. Soft covers, 136 x 216mm, 144 
pages. Illustrated with photographs and 
diagrams. ISBN 0-672-20520-3. Price 
$14.95. 

Here’s a loudspeaker system that 
you’ll surely want to build: each enclo¬ 
sure has internal dimensions of 1.2 x 1.2 x 
5.5m, a volume of over 72,000 litres and 
weighs around 25 tonnes. Perhaps a little 
too ambitious? Not to worry - there are 
some more modest systems described in 
the book. 

The emphasis here is on designing your 
own enclosure to suit whatever drivers 
you may have on hand. Loudspeaker 
types are grouped under five headings: 
(1) Finite Baffle; (2) Infinite Baffle; (3) 
Bass Reflex; (4) Horn Projectors; (5) 
Combinations. The respective merits and 
disadvantages of each type are discussed. 

Consider, for example, that a loud¬ 
speaker with an efficiency of 0.1% (which 
is representative of some infinite baffle 
types), would require a power input of 
40,000 watts to recreate the full dynamic 
range of an orchestral performance. Ob¬ 
viously, various practical considerations 
would deter any rational person from 
even wanting to recreate this range in the 
living room, but the argument leads to 
some interesting comparisons of effi¬ 
ciency for various types of enclosures. 

The book is a balance of theory and 
practice. The relevant formulae are pro¬ 
vided so that the constructor can decide 
on the type and number of drivers, the 
enclosure volume and type, the crossover 
requirements, etc. Techniques for con¬ 
struction are also discussed. Overall, the 
book is an interesting read and seems to 
be reasonably complete. 

Our review copy was supplied by Jay- 
car Electronics, PO Box 185, Concord, 
NSW 2137. (C.R.D.). 
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Build it yourself and save money 


The microphones 
for stage & PA 


Pick it up and it automatically switches on. Put 
it down and it switches off. This high-quality 
microphone can be built for half the cost of 
comparable commercial units and boasts 
several novel features. 


by BRANCO JUSTIC 


Build a microphone you say? You’ve 
got to be kidding. You don’t make micro¬ 
phones, you buy them ready made. Per¬ 
haps this is some kind of joke? 

Well, we’re not kidding. The micro¬ 
phone to be described here offers a per¬ 
formance that can only be equalled by ex¬ 
pensive commercial units. It is very easy 
to build, you can buy all the parts for less 
than $20, and it boasts a list of impressive 
features: 

■ Automatic switch on/switch off: pick 
“The Microphone” up, and it switches on 
automatically. Put it down, and it 
switches off automatically after a couple 
of minutes (can be extended to 20 
minutes if required). 

■ Inbuilt battery check: if you touch one 
of the metal screws on the base of the 
unit, a LED will light up to indicate that 
the battery voltage is OK. 

■ Omnidirectional or unidirectional 
pickup: you can build the unit to suit your 
requirement simply by ordering the ap¬ 
propriate electret insert. 

■ Output level selection: during con¬ 
struction, you can set the output level 
from a few millivolts all the way up to line 
level. Thus, the microphone can drive the 
sensitive inputs of stage and audio mix¬ 
ers, the auxiliary inputs of hifi amplifiers, 
and instrument amplifiers (ie, it can drive 
any amplifier). 

■ Inbuilt equalisation: the internal cir¬ 
cuitry is equalised to compensate for the 


usual lack of bass which is apparent with 
most electret inserts. This equalisation, 
or bass boost circuit, can easily be dis¬ 
abled if not required. 

■ Low power consumption: the micro¬ 
phone consumes approximately one mil- 
liampere when it’s on and an unmeasura- 
bly low current when it’s off. The internal 
(alkaline) battery should last the length 
of its shelf life. 


Electret microphone inserts 

Electret microphone inserts have beet 
available from electronic parts retailer 
for some years now. Most fall into th 
omnidirectional category which mean 
that they pick-up sound equally from a] 
directions. 

They also offer good frequency re 
sponse and sensitivity and are suitable fo 
‘general purpose’ and recording situa 
tions. However, they are not general! 
used in public address and live entertain 
ment situations because they are prone t< 
acoustic feedback. 

Recently, at least one type of unidirec 
tional microphone insert has becom 
available from component dealers. Thes 
are more suitable for stage and PA wor 
because they pick-up sound predomi 
nantly from one direction; ie. directly ii 
front of the microphone insert. 

It should be noted that these units als 



The Microphone — pick it up and it automatically switches o 


26 


ELECTRONICS Australia, November 1986 









fig.1: Q1 and Q2 form the microphone preamplifier while IC1 makes up the touch-controlled logic circuit. 


all into the close working category. They 
exhibit good sensitivity only when the 
ound source is very close to the micro- 
ihone (around 20cm or less). 

This brief description will help you to 
lecide which type of electret insert is the 
(lost suitable for your application. Either 
ype may be specified when you order the 
•arts for this project. 

How it works 

Fig.l shows the circuit diagram. It can 
>e broken into two sections: a two-stage 
nicrophone preamplifier based on Q1 
nd Q2, and a touch-controlled logic cir- 
uit based on hex Schmitt inverter IC1. 
Ve’ll begin with the microphone pream- 
lifier. 

The action starts at the electret insert 
t the extreme left of the circuit. RIO pro- 
ides biasing for the FET buffer stage in- 
ide the electret, the output of which is 
oupled to an equalisation circuit consist- 
rg of Rll, C5 and R12. This provides 
pproximately 8dB of bass boost. 

If, however, a flat frequency response 
; desired, the bass boost feature can be 


disabled by replacing C5 with a O.luF 
monolithic capacitor. 

The output of the equaliser is coupled 
to common emitter amplifier stage Q1 via 
capacitor C6. This stage has a fixed gain 
of approximately 20dB and its output is 
directly coupled to the base of Q2 which, 
with its associated components, serves as 
an emitter-follower. 

The addition of this latter stage gives 
the microphone a low output impedance. 
This is to ensure that high frequency com¬ 
ponents are not attenuated when the 
preamplifier output is connected to very 
long coaxial cables (50 metres or more). 
C8 rolls off the low frequency response of 
the common emitter stage (Ql) below 
20Hz. 

Finally, the signal at the emitter of Q2 
is coupled via CIO to an attenuator net¬ 
work (R20, R21 and R22). This attenua¬ 
tor enables the constructor to select one 
of three different output levels: 25mV for 
low impedance microphone inputs on 
public address amplifiers and mixers; 
120mV for high impedance inputs on PA 


amplifiers and instrument amplifiers; or 
500mV for line inputs of hifi amplifiers 
etc. 

Touch control circuitry 

The touch control circuitry switches the 
supply to the microphone preamplifier, 
and provides the battery check function. 
Here’s how it works: 

With no hand contact, pin 9 of ICla is 
pulled high via R2 and R3. This means 
that pin 8 will be low and, since pin 11 of 
IClb is pulled low by R5, pin 12 of IClc 
will also be low. Thus, no power will be 
supplied to the microphone preamplifier. 

When the microphone is picked up, the 
user’s hand bridges two electrodes. One 
of these electrodes is formed by the metal 
case of the microphone, while the other 
consists of a lcm-wide collar which is 
wrapped around the case but insulated 
from it with plastic tape. 

The hand resistance between the ‘on’ 
terminal (metallic strip) and the case 
pulls pin 9 of ICla low via R4 and thus 
pin 8 switches high. Capacitor C3 now 
quickly charges via D2 and so pin 10 of 
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This view shows the completed PCB prior to installation in the metal tube. 


IClb switches low and pin 12 of IClc 
switches high. This then supplies power 
to the preamplifier stage via current limit¬ 
ing resistor R6. 

Thus, the output of IClc provides the 
switched supply to the preamplifier cir¬ 
cuitry. This is quite in order, as it can 
quite easily supply the necessary current 
of less than 1mA. 

Switch off 

When the microphone is subsequently 
put down, ICla’s input is pulled high 
again and its output goes low, reverse 
biasing D2. C3 now discharges via R5 
and, after about 100 seconds (as set by 
the RC time constant), pin 10 switches 
high and pin 12 of IClc goes low. 

Result: the microphone stays on for ap¬ 
proximately 100 seconds after the re¬ 
moval of hand contact. This time con¬ 
stant can easily be extended to around 20 
minutes by using a higher value for C3. 
This will allow the microphone to be used 
in a stand for quite long periods of time 
between hand contacts. 

Note that C3 should be either a low 
leakage aluminium or tantalum electro¬ 
lytic. 


Battery check 

Let’s now take a look at the battery 
check function. This works in similar 
fashion to the supply switching circuitry. 

As before, the case forms one elec¬ 
trode while the second electrode consists 
of either of two nuts which are located on 
a small PCB just inside the base of the 
unit. 

Normally, the battery check electrode 
is held high by R1 and there is no forward 
bias across Dl. However, when body 
resistance is present between the two 
electrodes, Dl’s cathode is pulled low. 
This low activates two circuits. 

First, Dl is now forward biased and 
pulls pin 9 of ICla low. This switches the 
microphone on for 100 seconds (if it isn’t 
already on) as outlined above. During 
this time, pin 12 of IClc is high and so pin 
2 of ICld is also high. 

Second, the output of IClf (pin 6) 
switches high and quickly charges C4 via 
D3. Pin 4 of ICle thus switches low and 
the full battery voltage is applied across 
R7, LED 1 and zener diode ZD1. The 
LED will light to indicate that the battery 
is OK as long as the supply voltage is 


greater than VZ + VLED = 5V. 

When the resistive contact between th< 
battery check terminals is removed, th< 
LED remains on for the time constan 
determined by C4 and R8. With th< 
values shown, this is about one second 
The remainder of the circuit ther 
switches off after about 100 seconds a 
outlined previously. 

Construction 

Virtually all the parts are mounted on i 
printed circuit board coded 86mpl0 am 
measuring 170 x 29mm. To simplify con 
struction, the PCB design includes th< 
rear cover plate for the microphone ant 
this accommodates the indicator LEE 
and the battery check terminals. 

The battery check terminals simpb 
consist of two nuts which secure the cove 
PCB to two 70mm-long threaded rods 
These rods, in turn, are soldered to largt 
copper pads at one end of the mail 
board. 

Begin construction by enlarging severa 
holes in the PCB to the diameters indi 
cated in Fig.2. This done, cut along th< 
required line to separate the main PCI 
and rear cover. The rear cover PCB cai 



Fig.2: enlarge the holes in the PCB as shown, then separate the main section from the rear cover. 
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Fig.4: diagram showing how the two 
threaded rods are fastened to the cover plate 
PCB. 


then be cut and filed to a circular shape 
about 28mm in diameter. 

Fig.3 shows the parts layout on the two 
PCBs. No special procedure need be fol¬ 
lowed when installing the parts but watch 
the orientation of the semiconductors and 


the electrolytic and tantalum capacitors. 
Also, push the transistors down onto the 
board as far as they will comfortably go 
before soldering the leads. An IC socket 
was used for the prototype but this can be 
considered optional. 

The electret insert is supported on two 
stout pieces of tinned copper wire. These, 
in turn, are soldered directly to the cop¬ 
per side of the PCB. Bend the leads at 
right angles so that the insert is centrally 
located as shown in Fig.6. 

The next step is to mount the LED and 
the threaded rod assemblies on the cover 
PCB as shown in Figs.3 and 4. This done, 
slide two 53mm x 3mm-dia. plastic 
sleeves over the threaded rods. The rods 
can then soldered to the pads provided on 
the main PCB (note: tin the PCB pads 
first). 

The remainder of the wiring can now 


be completed as shown in Fig.5 but don’t 
connect the battery at this stage. The 
large holes in the main PCB act as a 
clamp for the shielded output cable (see 
Fig.6). We connected the inner conduc¬ 
tor to the high level output terminal but 
you can also choose either the low or 
medium level outputs to suit your partic¬ 
ular requirements. 

Note that the lead to the metal collar 
for the switch-on function is soldered to a 
PC stake on the copper side of the PCB, 
and should be about 250mm long. Termi¬ 
nate the free end of this lead with a solder 
lug. 

The other external lead is the earth 
lead. This should be about 115mm long 
and is routed through the hole in the cen¬ 
tre of the cover plate PCB, along with the 
microphone cable. It should also be ter¬ 
minated with a solder lug. 



7 ig.6: how it ail goes together. Note routing of output cable and foam rubber packing. 
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Microphone for stage & PA 



Fig.7: this diagram shows how the metal collar is connected to the ‘on’ terminal on the PCB. 


Final assembly 

A 235mm x 32mm-dia. aluminium tube 
is used to house the circuitry. This alu¬ 
minium tube will be supplied precut with 
the kit, but the constructor will have to 
drill the necessary holes. 

To simplify the drilling of the micro¬ 
phone case, a template has been pre¬ 
pared (Fig.8). This should be affixed to 
the tube using double-sided sticky tape. 
The holes can then be centre-punched 
and drilled to the diameters indicated. 

A suitable piece of dowel can be used 
to stop the tube from collapsing during 
centre punching. 

It is a good idea to leave the template 
in position during this operation, as this 
will help protect the case from accidental 
damage. Deburr all holes after drilling, 
then wrap a couple of layers of insulation 
tape around the tube where the metallic 
strip is to be mounted (ie, so that it covers 
the single hole located about 80mm from 


one end). This done, pierce the tape 
where it covers the hole in the tube. 

The next step is to drill holes in both 
ends of the metallic strip. To do this, drill 
a 3.2mm hole about 6mm from one end, 
then wrap the strip tightly around the 
tube insulation so that the end with the 
hole is in the overlapping position. The 
location of the second hole can then be 
marked and drilled to size. 

You can now install the metal collar 
and terminate the lead to the PCB as 


shown in Figs.6 and 7. This operation is £ 
little tricky but can be accomplished with 
the aid of a pair of longnose pliers. Us< 
your multimeter to confirm that the meta 
collar has been correctly insulated fron 
the case. 

At this stage, you should go back ove: 
your work and carefully check the assem 
bly against the wiring diagram. If every 
thing checks out, the battery can be wirec 
into circuit and wedged between the tw( 
threaded rod assemblies. 
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The PCB assembly can now be slid into 
the aluminium tube (see Fig.6) and the 
earth/stop screw assembly installed. Be 
careful not to short out any of the PCB 
tracks during this procedure. We used a 
couple of small pieces of foam rubber as 
an anti-rattle measure. 

Finally, install the windsock and check 
that the LED on the cover plate PCB 
lights when you touch one of the adjacent 
nuts. After that, it’s simply a matter of 
plugging it in and trying it out. 


PARTS LIST 

1 PCB, code 86mp10, 170 x 
29mm 

1 electret microphone insert (see 
text) 

1 235mm x 32mm-dia. aluminium 
tube 

1 piece of metallic strip, 120 x 
12mm 

1 windsock 

2 70mm x 3mm threaded rods 
4 3mm nuts 

2 53mm lengths of plastic 
sleeving 
2 solder lugs 

1 insulating washer 

2 machine screws, nuts and 
washers to suit 

1 length of shielded microphone 
cable plus plug to suit 

Semiconductors 

2 BC549 NPN transistors 

3 1N4148 silicon diodes 

1 3.3V 400mW zener diode 
1 red LED (5mm) 

1 74C14 or 40106 hex inverting 
Schmitt trigger 
Capacitors 

1 220uF 16VW axial electrolytic 

2 4.7uF 16VW tantalums 
1 IOuF 16VW tantalum 

4 0.1 uF monolithics 

1 0.022uF greencap 

2 0.001 uF disc ceramics 

1 18pF disc ceramic 
Resistors (0.25W, 5%) 

5 x 10M, 1 x 330k, 3 x 82k, 1 x 15k, 

2 x 10k, 2 x 6.8k, 1 x 4.7k, 

1 x 3.3k, 1 x 2.2k, 1 x 1.5k, 

3 x 470 ohm, 1 x 47 ohm 

Where to buy the parts: a kit of 
parts for this project is available 
from Oatley Electronics, 5 Lands- 
downe Pde (PO Box 89), Oatley, 
NSW 2223. Telephone (02) 579 
4985. Price: $19.95 with omnidi¬ 
rectional electret insert; $21.95 
with unidirectional electret insert. 
These prices include pack and 
post. Note: microphone cable not 
supplied. 
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605 3Va DIGIT MULTIMETER 

As reviewed in March EA! 

See specification tables below for details. 

Cat. Q11035 . $79.95 


HUNG CHANG (RITRONJ 
20 MHz DUAL TRACE 
OSCILLOSCOPE 


•Wide bandwidth and high sensitivity 

•Internal graticule rectangular bright CRT 

•Built in component tester 

•Front panel trace rotater 

•TV video sync filter 

•Z axis (Intensity modulation) 

•High sensitivity X-Y mode 
•Very low power consumption 
•Regulated power supply circuit 


705A 3V2 DIGIT 
MULTI/CAPACITANCE METER 


$119 




VERTICAL 


OTHER SPECIFICATIONS 

Intensity Modulation: TTL LEVEL (3Vp-p); Positive brighter. 

Calibration Voh^rTsv^w V ° L ™GEMV (DC+AC Peak) 


Cat. Q12105 . only $849 

(tax exempt only $695) 
Bulk orders, schools, please phone (03) 543 2166 for 
special low pricing 


SPECIAL! 



























































































































Circuit & Design Ideas 


Interesting circuit ideas from readers and technical literature. While this material has been checked as far as possible for feasibility, the circuits have 
been built and tested by us. As a consequence, we cannot accept responsibility, enter into correspondence or provide constructional details 



TV based 

frequency standard 

It is possible to derive a highly stable 
frequency standard from a TV receiver. 
Indeed, some stations stabilise their line 
synchronising pulses with a rubidium 
standard which can have an accuracy of 
about one part in 100,000,000,000. Other 
stations use oven-stabilised crystal oscil¬ 
lators which are not quite as accurate but 
are nevertheless quite good. 

In Sydney, both the ABC and TCN9 
use the rubidium standard and thus their 
line synchronising pulses are highly accu¬ 
rate and stable. This circuit shows how to 
derive a jitter-free 1MHz reference fre¬ 
quency from these pulses. 

Q1 and its associated parts form a 
2MHz crystal oscillator. The output of 
this oscillator is fed via Q2, Q3 and ICla 
to IC2 which is a 4024 7-stage binary 
counter. This divides the signal by two to 
give the 1MHz reference output at pin 12, 
and by 128 to give the TV line synchronis¬ 
ing frequency of 15.625kHz at pin 3. The 


pin 12 output is buffered by IClb to give 
the 1MHz reference output, while the pin 
3 output is fed to pin 2 of IC3. 

The remainder of the circuit provides 
feedback control for the crystal oscillator 
(Ql). It uses a ferrite rod loopstick to 
pick up the 15.625kHz line synchronising 
pulses from the TV receiver. This signal 
is then amplified by Q4 and applied via 
buffer stage IClc to pin 10 of IC3. 

IC3 is a 4518 dual 4-bit binary counter 
and is used here to divide the signals on 
its inputs by two. The resulting outputs 
have a 50% duty cycle at pins 11 and 3 
and are fed into the IC4, a phase lock 
loop IC which is used simply as a phase 
comparator. The resultant error voltage 
appears at pin 2 and is fed via a filter cir¬ 
cuit to voltage-follower IC5. 

The output at pin 6 of IC5 is then fed 
back to the BA102 varicap diode in the 
crystal oscillator to phase lock it with the 
TV line sync pulses. Q5 turns on and 
lights LED 1 when the lock condition is 
achieved. 

Before putting the frequency standard 


into service, the following steps need to 
be taken. After switching on: 

1. Adjust the 100k trimpot in series with 
the meter so that it reads exactly centre- 
scale. 

2. Adjust the frequency of the crystal os¬ 
cillator to zero-beat against WWV, VNG 
or some other suitable reference. 

3. Adjust the resonant frequency of the 
pickup loop to 15.625kHz. Whilst not 
critical, this will improve the sensitivity. 

The unit is now ready to be synchro¬ 
nised with the TV receiver. Note that suf¬ 
ficient pick up must be obtained to light 
the “phase-lock” LED. The meter will 
then come to rest after several seconds, at 
or near to centre scale. 

If necessary, centre scale may be ob¬ 
tained by fine tuning of the crystal oscilla¬ 
tor trimmer. The 1MHz output will now 
be virtually as stable as the rubidium 
standard at the station. 

I. Pogson, 

Epping, NSW. 

$25 
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Extra decimal points 
for EA DFM 

The EA Digital Frequency Meter de¬ 
scribed ii. December 1981 had no decimal 
point included in the display. Switching 
between ranges thus often gave a confus¬ 
ing readout. This was largely overcome 
by the addition of a decimal point driving 
circuit, published in EA, July 1982. How¬ 
ever, there were still two ranges which 
did not have the decimal point included 
in the display. 

This simple modification provides the 
decimal point display for the remaining 
two ranges. One of the decimal points 
could not normally be displayed because 
it would have been located to the left of 
the most significant digit, and the 
FND507 displays have right hand decimal 


points only. However, the decoded out¬ 
put for this decimal point is actually avail¬ 
able from the decimal point driver at pin 
3 of IC2. 

In this circuit, an NPN driver transistor 
is used to drive a discrete LED positioned 
at the left hand extreme of the display. 
The anode is connected to pin 15 of IC1 
on the main board — this will become 
DP7. 

The second missing decimal point 
(DPI) is between the two least significant 
digits. The decoded output for this is 
available from pin 7 of IC2 of the DP 
driver — again through an NPN driver 
transistor. The track to DPO must be cut 
to prevent it from lighting as well. 

Eric Rodda, 

Marion, SA. 


Modified 
audio generator 

Several readers have contacted the de¬ 
signer of the high performance audio gen¬ 
erator circuit published in the May 1986 
CDI pages. Apparently, there is no 
source for the R54 thermistor used in that 
circuit, although the RA53 type is avail¬ 
able from Radiospares Components (Part 
No. 151-114), 6c Durdans Ave, Roseb¬ 
ery, NSW 2018. Telephone (02) 669 3666. 

The RA53 type can be directly substi¬ 
tuted in the original circuit but the output 
level will be reduced to half its previous 
value. This problem can be overcome by 
modifying the output stage to provide a 


gain of two as shown in the diagram. 

Readers are also advised that a stand¬ 
ard dual-gang 10k potentiometer can be 
used in the circuit but try to find one 
where the maximum resistances of the 
two sections are within 10% of each 
other. Note also that if NE5534s are 
used, 22pF compensation capacitors be¬ 
tween pins 5 and 8 are necessary. Finally, 
TL072 or RC4558 op amps can be substi¬ 
tuted but with a slight increase in noise 
and distortion. 

Phil Allison, 

Summer Hill, NSW. 


$10 




Basic program for 
vented box enclosures 

This short BASIC program for VZ computers will design the size of 
the vent needed in a bass reflex enclosure to tune it to a given frequen¬ 
cy. It calculates the length of the vent from the given diameter, box 
volume and box frequency. Also the tuned frequency of an existing en¬ 
closure can be found from the cabinet volume and vent dimensions. 

Surprising though it may be, the woofer size or type does not affect 
the tuned frequency; this means that you won’t need any speaker data. 

If the program gives a vent length of about 20mm then just a hole in 
the baffle is needed. Remember, however, that any vent should have a 
diameter not less than one quarter of the woofer diameter to prevent 
excessive air velocity. 

For checking an existing design press RETURN when “BOX 
FREQ. HZ...” appears. This frequency is then calculated using the 
other data. If “NEW VENT DIAMETER MM. ” appears, enter a new 
larger diameter and try again since the desired frequency cannot be 
achieved with the previous value. 

Phil Allison, 

Summer Hill, NSW. 
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There were many factors behind the destruction of the 
space shuttle “Challenger”. This article provides a fresh in¬ 
sight into the disaster. It probes the causes and describes 
how NASA might have better assessed the risks. 


N ASA, progenitor of American icons and 
keeper of the faith that man’s destiny lies in 
the stars, is in trouble. It’s not so much that, 73.621 
seconds after launch on Jan. 28, the shuttle Chal¬ 
lenger was destroyed by an horrific explosion that 
killed the spacecraft’s seven occupants. Or that 
one of the victims was NASA’s first “civilian” pas¬ 
senger, Christa McAuliffe, 37, a high school social 
studies teacher from Concord, N.H. As distressing 
as those facts are, even more damaging for NASA, 
which over the past 25 years has established an un¬ 
matched reputation for technical excellence, is that 
the explosion happened by surprise. All mechanics 
understand that machines aren’t perfect; that’s 
why good ones pride themselves on taking special 
care with things that might break. 

And although other kinds of accidents involving 
machines — airplane crashes, for example — may 
result in more fatalities, the shuttle catastrophe 
had far greater significance. In the short term it re¬ 
sulted in a national upwelling of grief. In the long 
term it has broad political implications for the 
agency — and the space program. For some mem¬ 
bers of Congress, NASA offers the same satisfac¬ 
tion of buying exotic equipment that the Pentagon 
does, but without the bloody implications. For a 
president, NASA is a public relations mother lode; 
in Ronald Reagan’s case, it allowed him, for exam¬ 
ple, to stake out a pro-education position by an¬ 
nouncing that a teacher would be the first “civil¬ 
ian” in space, even while he slashed allocations for 
schooling. Although the public tends to ignore 
these less than noble relationships, they’re potent. 
And if they sour, Washington will react in the 
traditional manner: cutting its losses in a way that 
could turn NASA into a second-class bureaucracy. 
In assessing the damage, the engineering ques¬ 


tions must come first, because it’s in the answers to 
them that both the causes of the accident and 
NASA’s level of responsibility for it will be found. 

“Whenever a rocket goes up successfully, it’s a 
miracle,” says Robert Cooper, an engineer and 
businessman who until last summer directed the 
Pentagon’s Defense Advanced Research Projects 
Agency.“I’ve been involved with launching hun¬ 
dreds of them — something always happens that 
makes you think they’ll never work again.” 

That Cooper should still speak in religious terms 
about a process that most Americans have come to 
regard as the embodiment of high-tech maturity is 
an indication of how far out on a limb NASA went 
— or was driven — with a dangerous machine. 

The presidential commission investigating the 
Challenger disaster hadn’t reported its findings by 
this writing, but speculation, both before the com¬ 
mittee and among engineers, on the cause of the 
accident had become focussed on the failure of the 
seal between the two aftmost sections of the shut¬ 
tle’s right solid-fuel booster. This 45.4 metre-long 
rocket, one of two that produce 1.5 million kilo¬ 
grams of thrust each, is an assemblage of eleven 
weld-free, circular steel casings about 3.7 metres in 
diameter that are joined into four segments. The 
1.3cm thick segments are connected to one an¬ 
other by tongue-and-groove joints that are secured 
by 177 steel pins. If these joints aren’t sealed prop¬ 
erly, then gases from the propellant burning at 
3,000 degrees C inside the booster can escape and 
cause catastrophic damage. 

W HY build the booster in segments, which 
would seem to be a plumber’s nightmare? 
“All big solid rocket boosters are done this way,” 
says Cooper. “It’s not possible to grow a propel¬ 
lant grain that’s larger than a certain size and still 


SPECIAL REPORT 


The immediate cause of the disaster may h ave been a faulty 
seal, but a deeper reason may be that, because of economic 
and political pressures, NASA sacrificed safety standards 
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The fire now encircling the booster 
burns away the attachment between the 
booster and the fuel tank. 


In this depiction of how the accident 
may have unfolded, fire erupts by the 
right booster’s aft seal and burns away 
the attachment between the booster and 
the fuel tank. 


by WAYNE BIDDLE 

CHALLENGER? 


Perhaps because the booster nose is 
now free to pivot into the tank, a vast 
explosion is set off in the tank. 



The explosion, fueled by the highly 
volatile mix of hydrogen and oxygen in 
the tank, destroys the orbiter. 

Paintings by John Berkey © “Discover Magazine" 4/86, Time Inc. 
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CHALLENGER’S FATAL FLAW 



Liquid * 
hydrogen 


THE SPACE 
SHUTTLE 

Challenger was propelled aloft 
by two solid-fuel booster rock¬ 
ets and the orbiter’s three main 
engines, which were fuelled 
from a vast external tank. By 
the time the explosion oc¬ 
curred, the craft had com¬ 
pleted its “roll sequence”, so 
the crew in the two-deck cock¬ 
pit were flying upside down. 


Orbiter 


LiqulAJ 
/ oxygen 
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engines 


Gregory Jarvis 
Christa McAuliffe 
Ellison Onizuka 


Francis Scobee 
Ronald McNair 
Judith Resnik 


Joseph Milioto (c) "Discover Magazine" 4/86, Time Inc. 
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Fuel 



Upper-segment, 
steel casing 


Casing 


Primary O-ring ' 
Secondary O-ring 


Lower-segment / 
steel casing 


-IOW THE EXPLOSION 
MAY HAVE BEGUN 

Jnder the stresses of ignition (1), putty protecting the aft seal 
f the right booster may have failed, opening a passage to the 
eal. Then hot gases from solid-fuel combustion could have 
reached the O-rings and burst through other seal components 
2 and enlargement), with the seal failure continuing until 
lame circled the booster (3). Heat from this fire may have 
aused the fuel tank to explode. 
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When accuracy, performance and value 
are important, professionals the world over 
look to Fluke — the first family of DMMs. 

Reliable Fluke-quality 3V2- or 41/2-digit 
DMMs fit every need — from design en¬ 
gineering to industrial troubleshooting. 

There’s the low-cost 70 Series — the 
most DMM you can get for the money The 
tough 20 Series — totally sealed and built 
to survive the dirtiest, grimiest, roughest 
jobs. The reliable 8020B Series — made 
to withstand the rigors of the field service 
environment. The precise 8060A Series — 
the most powerful and complete test and 
measurement system available in a hand¬ 
held package. And, of course, the versatile 
Bench/Portables that carry on the Fluke 
tradition for precision and durability in 
lab-quality bench instruments. 

Fluke comes in first again with the 
world’s largest selection of quality ac¬ 
cessories to help extend the capabilities of 
your DMM even further. 

There’s no need to look anywhere else. 
Uncompromising Fluke design and lead¬ 
ing edge technology are the reasons why 
attempts at imitation will never fool the 
millions of professionals that accept noth¬ 
ing less than a Fluke. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 
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N.S.W. 15 McDonald St, Mortlake. Tel: (02) 736 2888 
VIC. 12 Maroondah Hwy, Ringwood. Tel: (03) 879 2322 
QLD. 192 Evans Rd, Salisbury. Tel: (07) 875 1444 
S.A. 241 Churchill Rd, Prospect. Tel: (08) 344 9000 
W.A. 46-48 Kings Pk Rd, West Perth. Tel: (09) 481 1500 



Dwn 80 4355 • N.S.W. Ames Agency 699 4524 • George Brown 
ustries 526 2222 • D G.E Systems (049) 69 1625 • David Reid 
) 291455 Ebson 707 2111 • Selectro Parts 708 3244 • Geoff Wood 
84 4999 • QUEENSLAND L E. Boughen 369 1277 • Colourview 
• Nortek (077) 79 8600 • St Lucia Electronics 52 7466 


W. AUSTRALIA Atkins Carlisle 





















WHAT DESTROYED CHALLENGER? 


guarantee uniformity.” “Grow a propellant grain” 
is engineer-talk for the manufacturing process 
whereby chemicals — in this case a mixture of 70% 
ammonium perchlorate, 16% powdered alumini¬ 
um, a binder called polybutadiene acrylic acid 
acrylonitrile terpolymer (12%), an epoxy curing 
agent (2%) and a trace of iron oxide — are poured 
into the steel segments. In the case of the shuttle’s 
boosters, this propellant load is built up in about 
40 pourings, then cured and groomed for uniform¬ 
ity. The segments are then stacked. 

At least since 1980, NASA has recognised that 
the integrity of the seals between casing sections is 
a troublesome safety issue. For example, on a 
“critical items list” compiled by an agency analyst 
and dated Dec. 17, 1982 — after five successful 
shuttle missions — the potential effect of a seal 
failure was described with chilling terseness as 
“loss of mission, vehicle and crew due to metal 
erosion, bum-through, and probable case burst re¬ 
sulting in fire and deflagration.” By April 1984 
there was enough concern that NASA managers 
ordered a formal review of the sealing procedures. 

There were good reasons for such scrutiny. Out 
of the first twelve shuttle flights, inspection of re¬ 
trieved boosters had revealed four instances in 
which the first of two rubber gaskets, or O-rings, 
which are major components of these seals, had 
been partly burned away by propellant gases in the 
joint between the nozzle and the aft segment. 
After NASA began using a new type of putty to 
protect the joint, such O-ring erosion happened 
even more frequently — seven burnings occurred 
in the first four flights of 1985. More troubling was 
the discovery of damage to a secondary O-ring in a 
nozzle joint on flight 51-B, which was launched on 
April 29 last year. 

NASA officials have also observed at least half a 
dozen damaged primary O-rings on seals between 
the booster segments. These gaskets are meant to 
be “dual redundant” to ensure the utmost safety 
— damage to both meant that the double barrier 
was being breached. NASA realised that redun¬ 
dancy couldn’t be guaranteed, and it waived its 
fail-safe rule for the O-rings in 1983. This is the 
sort of seal that may have failed on Challenger. 

Test data submitted on August 19, 1985 to 
NASA by Morton Thiokol Inc., the manufacturer 
of the boosters, indicated that from 330 to 600 mil¬ 
liseconds after the fuel was ignited at launch, there 
was a “high probability of no secondary seal capa¬ 
bility.” During the next two minutes, while the 
fuel burned itself out as the shuttle hurtled up¬ 
ward, “if erosion penetrates the primary O-ring 
seal, (there is) high probability of no secondary 
seal capability,” Morton Thiokol warned. 

Nonetheless, NASA’s top engineers and man¬ 
agers judged that this flaw wasn’t serious enough 
to halt or delay shuttle flights. “The current design 
must be improved,” a NASA engineer advised 


NASA’s chief of propulsion systems in July 1985. 
“The long-term steps will require design and 
procedure changes that will require expensive 
qualification.” 

A launch chronology released by NASA showed 
that Challenger’s right-hand booster emitted a puff 
of dark smoke from the vicinity of its aft casing 
joint at 0.445 seconds after ignition, indicating that 
the seal had failed. By the 2.147 second mark the 
smoke had billowed halfway across the booster 
and remained visible until about twelve seconds 
into launch. For the next 45 seconds or so, the 
shuttle system operated smoothly despite the 
presumably blown seal. The ascent into orbit is to¬ 
tally automated, with the shuttle “pilots” available 
for limited duty only in dire emergencies. 

In this case, although the shuttle’s sensors were 
recording information of relevance to the impend¬ 
ing disaster, it was being stored as usual for later 
reference and not relayed directly to the crew or 
ground controllers. Even if someone had known 
about the blown seal, however, there’s no escape 
from the shuttle while the solid-fuel rockets are fir¬ 
ing. 

At 58.774 seconds came the first sign that the 
right booster was about to fail — smoke from the 
casing just above its aft attachment to the vast liq¬ 
uid-fuel tank. This was about the time when pres¬ 
sure inside the booster began its normal rise after 
having fallen from the peak that occurs at ignition. 
At 59 seconds the shuttle experienced the maxi¬ 
mum level of aerodynamic stress. At 59.249 sec¬ 
onds, an intense tongue of hot gas appeared on the 
booster casing, indicating that the seal had cracked 
wide open. 

With propellant gas roiling from the side of the 
booster as well as out of its nozzle, internal pres¬ 
sure started to fall to below that of the left solid 
rocket, which was running properly. Sensors no¬ 
ticed this mismatch at 60.164 seconds, but it wasn’t 
great enough yet to cause alarm. The boosters are 
never precisely alike, and some thrust deviation is 
expected. 

B UT now the flow of gases through the seal 
crack was thrusting in a direction the space¬ 
craft’s structure couldn’t tolerate. At 62.484 sec¬ 
onds, onboard computers commanded Challeng¬ 
er’s right wing elevon to move as part of a vain ef¬ 
fort to correct this imbalance. Another attempt to 
keep the flight path true came at 63.924 seconds, 
when the computers ordered the orbiter’s right en¬ 
gine nozzle to pivot. 

At about 66 seconds, other hot spots began to 
appear on the forward casings. At 67.684 seconds, 
sensors noticed a pressure glitch in the line feeding 
liquid oxygen from the external fuel tank to the or¬ 
biter’s engines, suggesting that the tank was com¬ 
ing apart. At 73.175, a gas cloud suddenly ap¬ 
peared beside the tank, and then there was a flash 
between the orbiter and the tank’s liquid hydrogen 


Ominous data 
being recorded 
by the sensors 
wasn’t being re¬ 
layed to the 
shuttle’s crew 
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WHAT DESTROYED CHALLENGER? 


Budget and per¬ 
formance pres¬ 
sures may be 
more than 
NASA can with¬ 
stand 


chamber. The vehicle started to break up, with an 
explosion near the booster’s forward attachment 
strut to the tank occurring at 73.226. 

One theory about the cause of this explosion was 
propounded by Aviation Week & Space Tech¬ 
nology, which hypothesised that heat from the fire 
had destroyed the aft attachment between the 
booster and the tank. The nose of the booster then 
pivoted to the left, piercing the thin skin of the 
tank. 

At this point, as the shuttle stood on the edge of 
eternity, two poignant events took place — one 
demonstrating the durability of a machine, the 
other the instinct of a man. At 73.534 seconds, 87 
hundredths of a second before all data ceased in a 
fireball, computers began to shut down the or- 
biter’s engines because of overheated fuel pumps. 
A voice tape of the flight carries the sound of an 
explosion just before the end of transmissions at 
73.621 seconds, meaning that Shuttle Commander 
Dick Scobee had probably turned on his micro¬ 
phone to ask controllers why the shuttle was jolt¬ 
ing left and right. 

The implications of a design change in a machine 
as complex as the shuttle are profound. There’s no 
such thing as tinkering. Putting the system to¬ 
gether took a decade of tests to certify not only 
every component but also the interplay among 
them. According to Richard Cook, a NASA 
budget analyst, it would take 13 months just to get 
redesigned casings back from the manufacturer 
once a new seal had been approved. Lawrence 
Mulloy, the shuttle project manager for solid-fuel 
boosters, says modification of the O-ring joint 
could take anywhere from four months to three 
years. “Merely qualifying a new putty for the joint 
— something that was under way before the Chal¬ 
lenger accident because of the seal erosion and be¬ 
cause the existing caulking contains asbestos and is 
hazardous to workers — would cost $50 million”, 
says Cook. 


A CCORDING to documents released by the 
presidential commission, NASA had long 
been aware of how the case seal could fail. At the 
moment of booster ignition, rapid internal pres¬ 
sure build-up causes tiny blowholes through the 
zinc chromate putty that protects the joint from 
hot propellant gases. These holes permit unwanted 
pressurization of the empty cavity between the 
spot where the putty ends and the first O-ring, as 
well as direct erosion of that O-ring by the gases. 
Rotational stess at the joint during launch can un¬ 
seat the gaskets. 

The O-rings are made from a fluorocarbon elas¬ 
tomer, which has good resistance to high tempera¬ 
tures but not as much sealing resilience as other 
types of rubber. This lack of resilience worried 
members of the commission, because the cold at 
the time of Challenger’s launch — 3.3 degrees C 
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versus 11 degrees for the previous coldest launch 
— could make the rubber stiffen. There were re¬ 
ports that during one of the commission’s closed 
hearings, a high-level Morton Thiokol engineer 
had testified that he’d argued strenuously with 
company and NASA officials that Challenger 
shouldn’t be launched because of the effects of 
cold on the O-rings. His views, however, weren’t 
made known to those with the authority to scrub 
the lift-off. The commission also heard that on the 
morning of the launch temperature-sensing de¬ 
vices, which are of questionable reliability, had re¬ 
corded surface readings on the right booster as low 
as -14 degrees C. The head of the shuttle program 
was never told of these readings. 

More alarming than NASA’s decision to send 
Challenger aloft in the cold was its failure to ensure 
that the above information reached its top offi¬ 
cials. Though at this writing there was still substan¬ 
tial dispute among technical experts about what, if 
anything, the cold may have done to the O-rings, 
there was no doubt that the seals had long been a 
source of concern, and any information about 
them should have been given top priority. But 
NASA treated these warnings no more seriously 
than it had earlier ones from its engineers and 
Morton Thiokol. 

In reaction to the evidence of seal erosion, Mor¬ 
ton Thiokol submitted 43 design revisions for 
NASA’s consideration last August. The company 
warned then that the joint that apparently led to 
Challenger’s destruction “poses the greatest poten¬ 
tial risk in that its secondary seal may not maintain 
metal contact”. NASA was to have begun testing a 
modification of the backup seal this year, but de¬ 
cided to keep flying the shuttle in the meantime. 

“If you fix something like this, you’ve got quite a 
range of cost implications,” Cook told the commis¬ 
sion, calling the process a “major budget hit”. 

That money was apparently a consideration in a 
safety debate is the most unsettling revelation of 
the aftermath of the Challenger disaster. Budget 
pressures have been a fact of life for the shuttle 
program since its birth in the early 1970s. Through¬ 
out the 1980s allocations for NASA have remained 
flat; as a result, the ever-rising costs of the shuttle 
program squeezed out much of the science and en¬ 
gineering research that’s supposed to be the agen¬ 
cy’s main function. In 1984 NASA’s Aerospace 
Safety Advisory Panel warned: “It is essential that 
the important objective of achieving a more cost- 
effective operation ... not be permitted to intro¬ 
duce unacceptable risks to the shuttle crew”. 

The panel’s latest report, released on Feb. 12, 
contains no mention of the booster seals. Staff di¬ 
rector Gilbert Roth says panel members heard 
testimony on the issue, but “must have been satis¬ 
fied with agency work on the problem”. The re¬ 
port does raise questions about whether proposed 
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lightweight boosters made from so-called compos¬ 
ite materials, or plastics, would be able to with¬ 
stand the stress of launch. 

The prospective move to plastic casings reflects 
another pressure on the shuttle system — greater 
payload obtained by lowering the vehicle’s weight 
— that the safety panel has repeatedly warned 
about. Before the sixth shuttle mission, each 
booster weighed about 83,915 kilograms when 
empty. Shaving the thickness of the steel casings 
by 0.5 to 1 millimetre brought the weight down to 
82,100 kilograms. Since higher-performance 
rocket motors were also added beginning with the 
eighth mission, the net effect was to increase the 
amount of cargo the shuttle can haul. 

The same dictum — less weight, more cargo — 
has been applied to the other two primary shuttle 
components, the external liquid-fuel tank and the 
orbiter. With its sixth mission, the shuttle began to 
use a tank that, at 30,300 kilograms, was 4,128 
kilograms lighter than its predecessors. The reduc¬ 
tion was accomplished by getting rid of structural 
stiffeners, modifying internal frames and milling 
the tank walls thinner. Also, a lighter and cheaper 
titanium alloy was used in the tank’s aft attach¬ 
ment struts to the solid-fuel boosters. 

As for the orbiter, stresses in early flights were 
higher than predicted. In the first five missions the 
predicted limit of strain on the orbiter wings was 
exceeded 63 times during ascent and 41 during de¬ 
scent. NASA therefore had to reinforce the lighter 
wings of the third and fourth orbiters (Discovery 
and Atlantis) in 1984. 

P UT simply, budget and performance pres¬ 
sures on the shuttle may have added up to 
more than the program could stand and still main¬ 
tain adequate margins of flight safety. If so, then 
failure of a booster was just one of several catas¬ 
trophes waiting to happen. 

The NASA safety panel reports point to the 
strongest candidates. Last year, for example, the 
panel was especially critical of the orbiter’s three 
liquid-fuel rocket engines. They’ve fallen short of 
the power levels they were expected to provide, 
and they have a voracious appetite for spare parts. 

Still, the engines represent a considerable ac¬ 
complishment; their most glorious feature is that 
they can be ignited, throttled up and down, extin¬ 
guished, and restarted. No other rocket has ever 
been capable of this. Each engine produces 
178,625 kilograms of thrust at 104 percent of rated 
power, the peak level during each mission so far. 
The two turbopumps that make it possible to get so 
much power out of such small engines are each the 
size of a trash can, yet each delivers the equivalent 
of 3.3 million kilowatts (five million horsepower). 

The engines were supposed to last for 55 mis¬ 
sions without extensive refurbishment. But the tur¬ 
bopumps have been far less durable than planned, 



NASA’s hubris 
may have been 
exposed by its 
decision to take 
“civilians” on 
the shuttle 


and have sometimes had to be replaced after just 
two flights. Moreover, the engines haven’t been 
cleared for routine use at 109 per cent of rated 
power, which is badly needed for carrying some 
military payloads into polar oirbit. “The accumu¬ 
lated data on turbomachinery has made it amply 
clear that the engine is being operated near the 
upper limits tolerable to the design”, the panel 
warned. 

The proceedings of the safety panel, along with 
the internal documents released since the Chal¬ 
lenger investigation began, seem to show that 
NASA was aware of how dangerous its spacecraft 
was. The outstanding question is why the program 
kept accelerating in the face of this information — 
more flights, less turnaround time, fewer dollars 
for engineering development. Small wonder the 
commission said the decision to launch Challenger 
may have been “flawed”, and ordered that any 
NASA official involved in that decision not be al¬ 
lowed to participate in the post-mortem. 

“I just hope that people realise that these things 
are all judgment issues,” says Cooper in NASA’s 
defense. “Every one of them has to be judged on 
its merit and with the knowledge the engineers 
have about how things fail. You do it every time 
you launch, every time you design a new system. 

It’s a risky business”. 

R ISKY business is what test pilots thrive on. 

But NASA’s fatal hubris may have been most 
clearly exposed in the decision — or in acquies¬ 
cence to a presidential suggestion — to take mem¬ 
bers of Congress, teachers, and journalists aboard. 

The image of Christa McAuliffe in orbit, teaching 
rapt children on earth, somehow became stronger 
to NASA than the engineers’ knowledge of how 
things fail. What’s left is an equation between im¬ 
agery and substance that NASA will struggle to 
balance for years to come. 

Reprinted by arrangement © ‘‘Discover Magazine’’ 4186, Time Inc. 

ELECTRONICS Australia, November 1986 


43 







o o o o 


The Serviceman 



□1C 


A wink is 

as good as a nod... 

A serviceman’s problems are not always purely technical. 
Particularly where warranty jobs are concerned, one often has 
to make a decision as to whether a claim can be justified. 
And, while most such cases are fairly clear cut, there is 
always the odd one about which there is an element of doubt. 
These can cause a certain amount of worry, especially where 
a substantial sum of money is involved. 


My main story this month concerns 
just such a decision and, even now, 
there may be some doubt as to whether 
I made the right one. On the other 
hand, the customer is delighted and the 
company concerned has accepted the 
situation, so it is only my conscience 
that seems to be worried. And no nasty 
remarks about servicemen having no 
conscience! 

The appliance involved was an 
AWA/Mitsubishi colour TV set type 
C6334, fitted with an MV100 series 
chassis. It was nearly four years old 
when this latest incident occurred — a 
matter of some importance, as we shall 
see — but I had made one previous ser¬ 
vice call to it, under warranty, when it 
was about two years old. 

On that occasion the customer had 
complained of poor colour and a visit to 
his home confirmed that all was not 
well. More specifically, turning down 
the colour revealed a distinct greenish 
tinge. I pulled the back off and went 
through the colour balance/grey scale 
procedure, and this produced a first 
class picture. This point is of some im¬ 
portance in regard to later events, but it 
should be noted that both the customer, 
who is quite fussy about picture quality, 
and myself examined the picture most 
carefully before mutually agreeing that 
it was virtually perfect. 

When the customer complained more 
recently it was in somewhat similar 
terms, ie, poor picture quality, but he 
went on to say that he thought the pic¬ 
ture tube might be on the way out. Re- 
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calling the previous problem I was more 
inclined to think that it might be noth¬ 
ing more than another shift in colour, 
and which could be fixed in the same 
way. 

Different symptoms 

In fact, the symptoms turned out to 
be quite different. The first thing I no¬ 
ticed, as the tube warmed up and for 
several seconds afterwards, was that the 
overall picture quality, or definition, 
was extremely poor. Even though this 
cleared fairly rapidly, my first reaction 
was that the tube might be gassy. Ther¬ 
mionic devices in general may suffer in 
this way, in that the gas which has 
seeped in during the off period will af¬ 
fect performance at turn-on and until it 
has been burnt off by the heat of the 
cathode, and at some cost to cathode 
life. 

On the other hand, I considered that 
it could be simply weakened cathodes 
which were taking more time than usual 
to reach full emission. Or it could be 
both, one being the fault of the other. 
But this was incidental to the customer’s 
complaint. As he pointed out, wherever 
the picture contained a substantial area 
of red, particularly if it was saturated, 
the colour would smear to the right. 
The customer agreed that it had not 
been in evidence when I serviced the set 
previously, but went on to say that it 
had first been noticed some time after 
that, in a very mild degree, and had be¬ 
come progressively worse. 


1986 


So everything pointed to a picture 
tube which was on the way out, and 
with only a few months warranty left. 
Nevertheless, I wasn’t prepared to rush 
in and claim a new tube until I had ex¬ 
hausted any other likely possibilities. 
The Christmas break intervened at that 
stage, so I left the set with the customer 
for the time being. With the Christmas 
rush over and as soon as I could orga¬ 
nise a loan set, I brought the faulty set 
back to the shop. 

It produced the same symptoms on 
the bench as I had already observed, in¬ 
cluding the sluggish behaviour at warm¬ 
up. I gave the tube and associated drive 
circuits a thorough voltage check, deter¬ 
mined to make sure that there was 
nothing wrong with the tube operating 
conditions which would contribute to ei¬ 
ther symptom. This included the tube 
heater voltage which, being derived 
from a winding on the EHT transform¬ 
er, cannot be measured accurately with 
an ordinary multimeter. 

But I could find nothing wrong. I let 
the set run on the bench for several 
days, mainly to convince myself that the 
red smear was really serious enough to 
justify a claim, if it came to that. The 
point was that, subjectively, the effect 
varied with picture content. On dilute 
colours, such as light studio flesh tones 
— news readers etc — it was possible to 
find an acceptable compromise colour 
control setting, whereby the effect was 
hardly noticeable. 

But if such a scene was followed by 
one containing a highly saturated red, 
the smear effect was quite objection¬ 
able. Again, it could be minimised by 
resetting the colour control, but only at 
the expense of adequate colour satura¬ 
tion, which would become most evident 
when the picture reverted to the studio 
news reader scene. In broader terms, 
any abberation which calls for that kind 
of control juggling cannot be tolerated. 

Finally, after I had tried every trick I 
could think of, and drawn a complete 
blank, I decided it was time to call for 
help. I rang the AWA service depart¬ 
ment and spoke to a staff member who 
had proved most helpful in the past. 
Having outlined the problem my first 
question was whether they had ever en- 













countered anything like this smear prob¬ 
lem and, if so, whether it was likely to 
be a picture tube fault. 

The answer was quite definite; they 
had never seen anything like the prob¬ 
lem as I described it and were quite 
unable to say whether it was likely to be 
a tube problem or not. Next question: 
in view of my suspicions about the tube, 
in regard to both the red smear and the 
sluggish warm-up characteristic, would 
they consider replacing the tube under 
warranty? 

The reply was a little more subtle this 
time. “From what you tell me, the war¬ 
ranty on the tube has almost expired. If 
you want to make a claim, you ought to 
make it without too much delay.” 

Well, I reckon I’m old enough to 
recognise that a twitch of the eyelid is 
as good as a slight inclination of the cra¬ 
nium in the direction of an equine 
quadruped devoid of it’s visionary 
capacity*. I took the hint and ordered a 
replacement tube under warranty. 

This duly arrived and I set about fit¬ 
ting it to the set. That done, the next 
thing was convergence and colour bal¬ 
ance adjustment. I concentrated on the 
convergence first, and deliberately 
avoided touching any of the colour bal¬ 
ance adjustments. The convergence rou¬ 
tine is rather tricky on this model set, 
being essentially mechanical, and in¬ 
volves juggling the scan coils around the 
tube neck and wedging them in place. 

That done, I was able to confirm what 
I had already begun to suspect; with the 
colour turned off there was a marked 
colour cast in the picture. This was unu¬ 
sual in the circumstances or, at any 
rate, it would have been unusual had 
the original tube been in first class 
condition. On the other hand, it is quite 
common in cases where a tube has been 
flogged as long as possible with re¬ 
peated colour balance adjustments. All 
of which seemed to confirm that, red 
smear aside, there was something suspi¬ 
cious about the original tube. 

But that was somewhat academic at 
this stage because, after I had com¬ 
pleted all the adjustments, and was able 
to take a long hard look at the end re¬ 
sult, I was forced to the realisation that 
the red smear was still in evidence. I 
couldn’t be sure, on a purely subjective 
basis, whether it was as bad as before, 
and rather imagined that it wasn’t. 
However, that was probably wishful 
thinking because, after living with the 
set for a few days, I concluded that it 
was much the same as before. 

So where did we go from here? My 
only previous experience with a colour 
smear problem anything like this in¬ 


volved a Philips model for which 
modification had been issued for the 1 
driver stage. While this was a desi 
problem, rather than a fault, recalling 
set me wondering as to whether th< 
could be a fault in this red driver stage, 
such as the transistor, Q651, a 2SC2688. 

I had no spare of this type in stock 
but, fortunately, it was a simple matter 
to swap the red unit with one of the 
others. The only good point about t 
exercise was that the result was co 
pletely conclusive; no difference to I 
red performance whatsoever. So tl 
squashed that theory. After that I sp< 
a lot of time with the colour bar gene 
tor and the CRO trying to anal; 
where and how the effect was occurrii 
Unfortunately, it all proved fruitless. 

In desperation I rang the AWA ser¬ 
vice department again, re-stated the 
problem, detailed all the things I had 
tried so far, and asked for any sugges¬ 
tions. They had no specific suggestions 
to offer, but we chewed the fat over the 
problem for some time, discussing and 
discarding several possibilities. The up¬ 
shot was that we moved our thinking 
back to chip LC601, an M51393P. This 
is a 30 pin unit which performs a variety 
of functions, including sync separator, 
R-Y, B-Y demodulator, various ampli¬ 
fying and clamping functions, plus the 
matrix providing the signals to the red, 
green, and blue driver stages. 

In particular, I was anxious to find 
out whether there was any history of 
trouble with this chip, either in general 
terms or in regard to this specific fault. 
The answer was no; it had been a 
particularly reliable device. So that was 
that, except that I promised to let them 
know when, and if, I found the fault. 


A long shot 

I went back to the circuit, thought 
about all the things I had tried, and fi¬ 
nally admitted that I would have to 
change the chip, if only to prove the 
point one way or the other. The truth is 
I had skirted around this idea for as 
long as possible, if only because unsol¬ 
dering a 30-pin IC is not something I 
undertake lightly. This the more so be¬ 
cause, judging by it’s history, it seemed 
like a long shot. 

Nevertheless, I ordered a replacement 
and, when it arrived, set to with the sol¬ 
der sucker and removed the existing 
one. Then I fitted the new one, crossed 
my fingers, and switched on. And lo 
and behold, that was the answer. The 
set produced a perfect picture, with all 
signs of red smear completely eliminat¬ 
ed. In fact, it was only then that I rea- 
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GOS-522 

* / YEAR 
WARRANTY! 1 

FEATURES —— - 

* Large 6 inch rectanglar internal 
graticule CRT 

* CHI & CH2 ALT Triggering 
(Alternate triggering function) 

* High sensitivity imv/div 

* Hold-off function $730.01 

* TV Sync. Separation circuit + 

* CHI Signal output 20% TA) 

Plus 2 probes included in this deal. 
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Twelve months in 
and you could still 1 






>ome other career 
fetching the coffees. 


In many careers, being an enthusiastic 
roung man can be a liability. 

Before you’re given any responsibility, 
ou’re asked to prove yourself responsible. 
You have to acquit yourself on complex 
asks such as remembering that Mr Brown 
low takes his cuppa black with one sugar. 
It used to be two with milk, but now he’s 
>n a diet) 

In the Royal Australian Air Force, how- 
ver, we look at bright young men in quite 
different light 

The very fact that you’re young 
aeans your reaction times should 
e quicker. 

You should be fitter. And your concen- 
:ation is less likely to be impaired by ' 
rings like mortgages. 

In short, if you meet our selection 
jquirements, we consider you’re ready to 
art right at the very top. 

Aircrew. 

Granted, those requirements are tough. 

For Pilots and Navigators, they’re good 
asses in English, Maths and Physics at 'Vear 
l. You must also be between 17 and 27. 

To be an Airborne Electronics Analyst, 
du must be at least 17 and have completed 
ear 11 with good passes in similar subjects. 
Naturally, you must also be an Australian 
tizen, or eligible to become one. 

From here on, the selection process gets 
little harder. 



We put you through several rounds of 
tests which rate both your physical and 
psychological fitness. 

Your aptitude for flying and so forth. 

Pass them and you’ll land yourself in 
possibly one of the most exciting and re¬ 
warding careers imaginable. 

There are new FA-18 Hornets that need 
Fighter Pilots. 

Strike/reconnaissance Fills that require 

Navigators. And P3C Orion maritime 
surveillance squadrons that are 
short on AEAs. 

And they’re just three of the 
17 types of aircraft currently in 
service with the RAAF that need 
men. Men like yourself. 

After around 52 weeks of 
flying training, you’ll be posted 
to an operational squadron. 

And you’ll be flying. 

While most of your contemporaries have 
probably only just graduated to fetching 
Mr Brown’s lunches. 

“1 
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To: RAAF Careers, GPO Box XYZ (in the Capital City n< 
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| Telephone 


| Highest Educ. level attained or being studied- 

I Or phone an RAAF Careers Adviser on Adelaide 2121455. Albury 218277. Bendigc 
I 43 8008. Brisbane 2262626. Canberra 57 2311 Geelong 211588. Hobart 34 7077. 
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The Serviceman 


Used just how irritating the original 
condition had been. 

So that was that as far as the job itself 
was concerned, but not quite the end.of 
the story. One of the first things I did 
was contact the technician in the AWA 
service department and tell him what I 
had found. He was just as surprised I 
was, but thankful for the advice whiJh, 
hopefully, may help someone else with 
a similar problem. 

The next question, in my own mind, 
concerned the kind of fault in the IC 
which would cause this effect. The best 
suggestion I can offer is that, whatever 
the actual defect, it resulted in poor fre¬ 
quency response and/or phase shift in 
the red channel out of the matrix. Un¬ 
fortunately, it would probably take a 
fairly elaborate laboratory set-up to 
confirm this theory. Suffice it to say 
that we now know that this fault can 
occur in this chip. 

And finally, there is the question I 
raised at the beginning; was I justified 
in replacing the tube under warranty? 
While granting that the smear turned 
out to be a red herring — Ouch! Sorry 
about that — I am still convinced that 
the tube was sick; either gassy and/or 
suffering from falling emission. Maybe, 
assuming the smear fault had been fixed 
first, we could have flogged it along for 
a while longer, but I seriously doubt 
whether it would have enjoyed a typical 
life span. 

So, all things considered, I feel that 
the customer was entitled to a new 
tube. On the other hand I didn’t make 
the decision lightly and, if faced with a 
similar situation again, I would be just 
as cautious. 

And now, if all the foregoing seems 
rather profound, here is something in a 
lighter vein. It is from one of my regu¬ 
lar contributors, J.L. of Tasmania, and 
he calls it: 

The things people do 

From time to time the Serviceman 
has related some of the crazy things his 
customers have done to various pieces 
of equipment. Each of us has his own 
favourite twit; one that keeps us in jam 
money, but not everyone is game 
enough to write about them. I’m game, 
so here are some of the zany tales from 
my patch. 

Like the one about the HMV 12613 
colour TV set that came in this morn¬ 
ing. It had a small red raster and dis¬ 
torted sound. The owner said “It just 


went like that last night”, but I won¬ 
dered. 

Once inside the cabinet, I found that 
the horizontal adjustment slug had been 
screwed right out of the horizontal coil 
and the adjustment rod twisted until it 
broke. Then Mr Somebody had simi¬ 
larly broken the rod from the vertical 
hold trimpot. 

Unable to get any more adjustment 
from the vertical hold, he put a screw¬ 
driver into the trimpot and twisted that 
until it broke. The height and linearity 
trimpots were accessible from outside 
the set, so they got the same treatment. 

When none of his brutality produced 
any useful results, Mr Somebody must 
have removed the back cover and had a 
go at the screen adjusting pots on the 
tube base and the drive and sub-bright¬ 
ness trimpots on the chrome board. 

When he had reduced an otherwise 
normal picture to the small red raster 
mentioned earlier, he decided that 
maybe I would be better able to fix 
whatever had started him on his de¬ 
structive rampage. 

After I had replaced the broken trim¬ 
pots and put everything back to where 
it should have been, the set gave quite a 
good picture and seems not to have 
needed any real repairs in the first 
place. Like I said, money for jam! 

Little glass valves 

Something similar befell an AWA 
video recorder, model AV20. The 
owner arrived at tea time one Sunday 
evening and asked if I had one of those 
“little glass valves” for a VCR. The lit¬ 
tle glass valve turned out to be a fuse, a 



1A delay type to be exact. 

Now, fuses are not considered a user 
replaceable part in modern video re¬ 
corders so I questioned him as to what 
had happened. You won’t believe this! 

It seems that his son was watching a 
rock’n’roll video and decided that the 
music was playing slow. From that, he 
deduced that the tape must be running 
slow, because the motor wasn’t getting 
enough power. So he would give it 
some more. 

He unscrewed the cover over the 
mains voltage adjustment and reposi¬ 
tioned the plug at 110V. When he 
switched on there was a ‘phutt’ from in¬ 
side the machine and “it didn’t go any 
more”. I can’t imagine by what logic he 
arrived at the idea to readjust the mains 
voltage, but he sure gave the motor 
more power. 

Anyway, Dad somehow decided that 
a fuse had gone so he took the cover off 
the machine and started poking around 
inside. He must have pretty sharp eyes 
because he spotted the blown fuse and 
tried to replace it with a 20A variety 
from his car. Fortunately, it wouldn’t fit 
so that’s when he came round to me. I 
had a suitable fuse, charged him for it, 
and he went off quite happily. 

He was back next morning with the 
recorder wrapped in a blanket under his 
arm. When he unfolded the blanket I 
nearly cried. He had not bothered to 
put the cover back before wrapping it 
up and there were bits of blanket fluff 
all over the machine. This bloke was 
more than one sandwich short of a pic¬ 
nic. 

Well, to shorten a long story, I de¬ 
cided that the job was really beyond me 
so I took it into town, to one of my 
more expert colleagues. It took him 
some time to find the fault which turned 
out to be one of those new fangled 
“solid state fuses” in one of the 12V 
supply rails. (It’s a pity those things 
couldn’t be made to change colour 
when they blow. They would then be a 
lot easier to find.) 

Once the machine was running again, 
it was given a good going over and it 
was found to be running slow. So the 
young fellow had been right all along. 
A complete alignment of the capstan 
and drum servos put the machine back 
into first class order. But it cost the 
owner a lot more than one fuse to get it 
back again. 

Vintage Jaguar 

Another videorecorder story was less 
expensive for the owner but goes to 
show where some people place their pri- 
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orities. This time an old but beautifully 
restored vintage Jaguar rolled up to the 
workshop. The owner unfolded himself 
from under the wheel and lifted an 
early model National top-loading VCR 
from the seat beside him. 

In the workshop he showed me that 
the machine would accept a cassette, 
but then would do nothing with it. It 
wouldn’t play, nor would it fast forward 
or rewind. It was even reluctant to give 
back the cassette. It would only open 
up after some gentle prodding with a 
screwdriver. 

On the bench, I first removed the cas¬ 
sette holder cover, then the rest of the 
cabinet top. Once this was clear, the 
cause of the trouble was revealed. It 
was a beautifully detailed model vintage 
Jaguar car, about 10cm long. 

It had fallen, or been pushed, in 
through the cassette carrier opening, 
and had lain among the works in such a 
position that it would stop things work¬ 
ing without damaging them. It was the 
work of a moment to remove the model 
and check that the machine was now 
fully functional. 

The surprising thing about this whole 
episode was the reaction of the owner. 
He seemed to care nothing about the 
recorder and the fact that it was undam¬ 
aged. He was more distressed that his 
now recovered model car might have 
been scratched among the rods and 
levers in the VCR. 

He seemed to value a plastic model 
car more highly than an expensive 
videorecorder and what he was going to 
do to that (expletive deleted) son of his 
when he got home was nobody’s busi¬ 
ness. 

I don’t know! It takes all kinds. . . 

The insurance fraud 

Then there was something very funny 
(peculiar) about another job that came 
my way some months ago. It was a late 
model Pye stereogram and came in after 
a week of very heavy rain that flooded 
many homes in low lying areas. 

The story that went with the Pye was 
that the basement rumpus room had 
been flooded and in the rush to move as 
much as possible upstairs the stereo had 
been dropped. The plate glass doors 
had been broken, the turntable had 
come loose and there were sundry other 
minor problems. The main worry was 
that the unit would not work at all now. 

I was to give an estimate of the,cost 
of repairs so that a claim could be rtiade 
on insurance. This wasn’t unreasonable 
at the time because we had been 
through a pretty harrowing period. But 


I changed my mind once I got inside the 
cabinet. 

First up, there was no power in the 
set. I checked the fuse and found this 
OK so next I tried to check the trans¬ 
former primary winding resistance from 
the power plug. There was no conti¬ 
nuity because the transformer was wired 
between the neutral and earth pins. 
And yes, the active pin went to chassis. 

Now there was no way this could have 
happened during a panic rescue from a 
flood, so I rang the owner and said, 
“What’s goin’ on?” “Oh, it’s all right,” 
he said. “When it wouldn’t work after 
the flood, my mate had a look at it and 
fixed the plug for me.” 

I then asked if they had tried to use it 
after his mate’s “fix” and, so help me, 
he said “Yes, the wife tried to play a 
cassette and it threw her across the 
room. That’s when I decided that per¬ 
haps you had better have a look at it.” 

I told him there’d be no insurance 
claim on my reading of the facts and 
that if he wanted it repaired it would be 
at his own expense. In fact, the power 
transformer has an open circuit primary 
and the stereo output chip is shorted. I 
really wonder if it was in danger of 
being flooded. Or was the flood being 
used to get a cheap repair? 

The four oddballs featured here are 
four out of many hundreds of regular 
customers. Fortunately, most people are 
perfectly normal and treat their audio 
gear, TV sets, and VCRs with respect. 
But somehow, they don’t make such in¬ 
teresting reading. 

Thank you J.L. for a most interesting 
contribution. I reckon those four will 
take some beating. As you suggest, the 
percentage of weirdos is small but, by 
crikey, what they lack in numbers they 
make up for in eccentricity. © 

* Translation: a wink is as good as a nod 
to a blind horse. 


TETIA Fault of the Month 

Philips K9 Chassis 
Symptom: Two or three retrace lines 
at top of screen. No change when the 
height or linearity controls are ad¬ 
justed. 

Cure: C572 (lOOuF, 40V electro) 
open circuit. This cap forms part of 
the blanking network rather than the 
linearity circuit. 

This information is supplied by cour¬ 
tesy of the Tasmanian branch of The 
Electronic Technicians’ Institute of 
Australia. Contributions should be 
sent to J. Lawler, 16 Adina St, Geil- 
ston Bay, Tas. 7015. 



Cash More Sound 

☆ ☆ ☆ ☆ 

SOUND SYSTEMS 


* 18-lamp bar rotator 

* projectors * fuzz lites 

* fog machines * scanners 

* colourer par 30 lamps 

* light boxes * mics-stands 
Manufacturers of speaker 
cabinets discotheque consoles 
— rope lights chasers etc. 

For your entertainment needs contact: - 

CASH-MORE SOUND 

or visit the showrooms: 

354 LIVERPOOL RD, ASHFIELD, NSW 2131 
TELEPHONE: (02) 798 6782 TLX: AA74549 

REHERSAL SfUDIOS AVAILABLE 
HIRE - SALES - INST - SERVICE 


ELECTRONICS Australia, November 1986 

















Build this. 


High-power HF 
Linear Amplifier 


Most high-power HF linear amplifiers cost an 
arm and a leg. This one costs around $300, 
boasts a power output of up to 150W PEP, and 
includes switchable output filters. 

by GREG SWAIN 


If you’ve having trouble making some 
of those distant QSOs (contacts) or just 
want more power for your HF rig, this 
new HF Linear Amplifier is the answer. 
Installed between your rig and the anten¬ 
na, it will boost your power output by 10- 
14dB — up to a maximum of 150W PEP 
(peak envelope power) in fact! 


This unit can be used on any HF ama¬ 
teur band between 1.8 and 30MHz and 
will pump out a good clean signal with 
better than 30dB rejection of unwanted 
harmonics. That’s made possible by the 
use of switchable low pass filters, a fea¬ 
ture often missing from commercial lin¬ 
ear amplifiers. 


In fact, some commercial units deliver 
a third harmonic content that’s almost as 
strong as the primary frequency. Such 
units represent a significant potential 
source of radio frequency interference 
(RFI). 

How much input power can you feed 
into the new linear amplifier? Answer: 
you can use any HF transceiver with a 
power output of up to 15W CW (30W 
PEP). The only proviso is that a 2:1 at¬ 
tenuator must be included during con¬ 
struction for transceivers in the 10-15W 
range. 

Figs.l and 2 plot the performance of 
the unit. As can be seen from Fig.l, the 
output power is generally better than 
110W for an input of 10W from 1.8 to 
24MHz. Above that figure, the power 
output drops due to the ferrite material 
used in the input and output transform¬ 
ers. 

Even so, a power output of about 50W 
is still available at 28MHz for 10W input. 

Let’s now take a look at the front 
panel. There are just three operating con¬ 
trols: an on/off switch; a switch to select 
between AM and SSB operating modes; 
and the band filter switch. A power LED, 
an on-air LED and a power meter com¬ 
plete the front panel line-up. 

The rear panel carries the input and 
output sockets. 

Inside the amplifier are two relays 
which switch the unit in and out of circuit. 
When power is applied (ie, the on/off 
switch is in the ‘on’ position), the ampli¬ 
fier is switched into circuit by the relays 
whenever the press-to-talk (PTT) button 
on the transceiver is pressed. 

When the PTT button is subsequently 
released, the amplifier is switched out of 
circuit and the relay contacts now connect 
the transceiver output “straight through” 
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to the antenna socket (on the back of the 
amplifier). 

Finally, in addition to all of the above 
features, the unit is virtually “bullet¬ 
proof’. It is protected against reverse 
battery connection and battery overvolt¬ 
age; it automatically shuts down in the 
event of RF overdrive; and it shuts down 
if the antenna SWR becomes excessive 
(eg, if the antenna lead goes open cir¬ 
cuit). 

How it works 

Fig.3 shows the circuit diagram. It 
looks complicated but can be broken 
down into four easily understood sec¬ 
tions: a power booster (Q101 and Q102); 
a low-pass filter circuit; a VSWR-cum- 
power indicator circuit; and a carrier op¬ 
erated relay circuit. 

The booster is based on two 2SC2290 
RF power transistors arranged in a stand¬ 
ard push-pull design and operating in 
class B mode. 

Starting at the input, the RF signal 
from the transceiver is fed via relay con¬ 
tacts RL2a to the 2:1 attenuator network 
and thence to transformer T1. This scales 
the input impedance down by 16:1, from 
50 ohms to around three ohms, to drive 
the power transistors (Q101 and Q102). 

Base bias for the power transistors is 
provided by Q103 which is configured as 
a diode. Because it is thermally coupled 
to the heatsink, this arrangement also 
prevents thermal runaway of the power 
devices. The hotter the heatsink becomes 
due to dissipation in Q101 and Q102, the 
hotter Q103 becomes. 

And the hotter Q103 becomes, the 
lower the voltage across it and therefore 
the lower the bias on the power transis¬ 
tors. Q101 and Q102 are thus automati¬ 


cally throttled back as the heatsink tem¬ 
perature rises. 

Resistor R7 limits the bias current to 
about 100mA per device, while capaci¬ 
tors C107-C113 provide supply decou¬ 
pling. Inductor L101 is designed to filter 
out RF in the bias supply to Q101 and 
Q102. 

The collector outputs of the power 
transistors drive output transformer T2. 
This transformer steps up the output volt¬ 
age and, in turn, drives the following low- 
pass filter stage. Trimmer capacitor 
TC101 and parallel capacitor C106 tune 
the output transformer primary to give 
maximum power transfer and to guard 
against output stage oscillation. 

Negative feedback for the booster is 
derived from a single winding on the out¬ 
put transformer secondary and is applied 
to the bases of Q101 and Q102 via series 
RC networks. This helps maintain a low 
VSWR across the input transformer and 
also helps compensate for gain variations 
over the 1.8-30MHz range. 

The low-pass filter stage consists of six 
independent sections arranged in stand¬ 


ard Chebyshev configuration (L2-L13 
and C14 to C41). The -3dB cutoff fre¬ 
quencies are listed in Table 1. Double¬ 
pole switch S3 selects the required filter 
and couples the RF energy to the follow¬ 
ing VSWR-cum-power indicator stage. 

VSWR/power indicator 

The VSWR/power meter is fairly con¬ 
ventional. It employs a current trans¬ 
former consisting of a centre-tapped sec¬ 
ondary wound on a toroid, with the pri¬ 
mary being a heavy gauge conductor 
through the middle. Diodes DIO and Dll 
rectify the voltage developed across LI 
due to the forward power. The resultant 
DC signal is then applied to the meter 
movement via calibration trimpot VR1. 

Trimmer capacitor TCI is used to peak 
the circuit for a maximum reading on the 
meter. 

Similarly, D12 and D13 rectify the volt¬ 
age developed across LI due to the re¬ 
flected power. This signal is then applied 
via VR2 and R17 to the gate of SCR1 in 
the carrier operated relay circuit. More 
on this later. 




TABLE 1 



Band 

-3dB Fc 

Suitable For: 

160 

metres 

2.5MHz 

1.8 - 

1.86MHz 

80 

metres 

5MHz 

3.5 - 

3.8MHz 

40 

metres 

10MHz 

7 - 

7.3MHz 

20-30 

metres 

17MHz 

10.1 - 

14.35MHz 

14-16 

metres 

26MHz 

18 - 

21.45MHz 

10 

metres 

31MHz 

28 - 

29.7MHz 


Table 1: 3dB cutoff frequencies for the filter switch settings. 
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HF Linear Amplifier 


View inside the prototype. The RF transistors are bolted directly to the heatsink. 


Carrier operated relay 

Ql, Q3 and Q4 form the relay switch¬ 
ing circuit. This switches the amplifier 
into circuit on transmit, and switches the 
amplifier out of circuit during receive. Ig¬ 
nore Q2 and the two SCRs for the time 
being — they’re in the protection busi¬ 
ness. 

Here’s how the circuit works: During 
receive, Ql and Q3 are off. Thus, relay 
driver transistor Q4 is also off and the 
transceiver is connected directly to the 
output socket via relay contacts RL2a 
and RL2b. 

When the transmit button is pressed, 
part of the signal passes via Cl to a diode 
pump consisting of D1 and D2. This 
charges C2 and provides base bias for Ql 
which turns on. Thus, Q3 and relay driver 
Q4 also turn on and so power is applied 
to the amplifier circuit and to the on-air 
LED (D15) via relay contacts RLla. 

At the same time, power is also applied 
to RL2 which turns on and switches the 
amplifier into circuit. 


When the transmit button is released, 
the relays remain on for a short time until 
C3 charges sufficiently to turn Q3 (and 
thus Q4) off. Switch S2 considerably ex¬ 
tends the relay dropout time for SSB and 
CW by switching out R3. This is neces¬ 
sary to prevent relay chatter since there is 
no carrier in SSB mode and only an inter¬ 
mittent carrier in CW mode. 

Protection 

The remaining components shut the 
circuit down if there is excessive VSWR, 
RF overdrive or excessive supply voltage. 
Let’s look at the VSWR protection circuit 
first. This consists of Q2 and SCR1. 

As described previously, the output 
from the reverse side of the VSWR cir¬ 
cuit is connected via R17 to the gate of 
SCR1. Normally, both Q2 and SCR1 are 
off but if the VSWR signal becomes ex¬ 
cessive, the SCR turns on and provides 
base current for Q2. This turns Q2 on and 
Q3, Q4 and the relays off, thereby 
switching the booster out of circuit. 

Q2 and SCR2 work in exactly the same 


way to protect the booster from RF over¬ 
drive. In this case, RF energy from the 
transceiver is first applied to a voltage 
divider consisting of Rll and R12. D9 
then rectifies the divider output and 
charges C6. The higher the RF drive, the 
higher the voltage across C6. 

This voltage is sampled by VR3 and ap¬ 
plied to the gate of SCR2. If the RF 
drives becomes excessive, the voltage 
across C6 rises and the SCR is triggered 
into conduction. As before, this turns Q2 
on and the relays off. 

Trimpot VR3 sets the drive level at 
which the circuit trips. It can be set to any 
desired level up to a maximum of 15W. 
Note that the SCR1 and SCR2 protection 
circuits can only be reset by turning the 
power switch off for several seconds and 
then on again. 

Zener diode D3 provides protection 
against excessive supply voltage. Because 
the supply voltage is usually around 

Fig.3: the circuit uses two RF transistors, 
Q101 and Q102, operating a standard class 
B push-pull mode. 
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PARTS LIST 
Booster PCB 

Semiconductors 

Q101, Q102 — 2SC2290 RF 

power transistors 

Q103 — TIP31B NPN power 

transistor 

Capacitors 

Cl 01 — 270pF dipped mica 
DM-15 series, 500V 
Cl02, Cl 03 — 560pF dipped 
mica DM-15 series, 500V 
Cl 04, Cl 05 — 390pF dipped 
mica DM-15 series, 500V 
Cl 06 — 750pF 

Cl 07 — luF metallised polyester 
Cl 08 — .001 uF dipped mica 
DM-16.series, 500V 
Cl 09 — 470uF 25VW axial 
mounting electrolytic 
C110— .01 uF dipped mica 
DM-15 series, 500V 
C111, Cl 12 — O.luF ceramic 
Cl 13 — 10uF 25VW PC-mounting 
electrolytic 

TCI 01 — 450pF trimmer, 
GMC31000 Sprague 
Resistors (5%, non-inductive) 
R101, R102, R103, R104 — 10 
ohms 2W 

R105, R106, R108, R109 — 10 
ohms 5W 

R107 — 33 ohms 5W 
R110, Rill —220 ohms 2W 
Miscellaneous 
2 ferrite beads 
6 FI 6 ferrite cores 
1 PCB, ZA-1500 
1 5-lug tag strip 

1 600mm x 2mm insulated hookup 
wire 

1 300mm x 1,6mm tinned copper 
wire 

4 PCB transformer end pieces 
4 3mm spacers 

4 3mm x 12mm bolts 

5 3mm x 7mm bolts 

1 150mm x 2mm spaghetti 
insulation 


1 TOP-66 mica insulating washer 
1 3mm bush insulator 
1 10 x 10cm copper shim 
1 heatsink compound 

Carrier operated relay PCB 

Semiconductor 

Q1, Q4 — BC337 NPN transistor 

Q2, Q3 — DS557 PNP transistor 

D1, D2, D9, D10, Dll, D12, D13 

— 1N914 diode 

D3 — 15V zener diode 

D4 — 3.3V zener diode 

D5, D6, D7, D8 — 1N4002 diode 

D14 — large red LED plus 

mounting bezel 

D15 — large green LED plus 

mounting bezel 

SCR1, SCR2 — C103B SCR 

Capacitors 

Cl — 39pF ceramic 

C2 — O.luF ceramic 

C3 — IOuF 25VW tantalum 

C4 — .001 uF ceramic 

C5 — 220uF 25VW PC-mounting 

electrolytic 

C6 — IOuF 25VW tantalum 
C7, C8, CIO, Cl 1, C12, C13 — 

.01 uF ceramic 
C9 — 560pF ceramic 

Dipped mica capacitors, DM-15 
series, 5%, 500V 

Cl 4, Cl 7 — lOOpF 
Cl 5, C22, C25 — 180pF 
C16 — 27pF 

Cl 8, C21, C37, C41 — 150pF 

C19 — 270pF 

C20 — 56pF 

C23, C26 — 82pF 

C24, C27, C29, C33 — 560pF 

C28 — 820pF 

C30, C31, C34, C35, C39 — 

390pF 

C32, C36, C40 — .001 uF 
(lOOOpF) 

C38 — ,0022uF (2200pF) 

Resistors (0.25W, 5% unless 
stated) 

R1, R3, R8, R16 — 10k 
R2 — 56k 
R4 — 100 ohms 


R5 — 150 ohms 
R6, R9 — 1,5k 
R7 — 270 ohms 
R10 — 820 ohms 
R11 —4.7k 1W 
R12 —Ik 1W 
R13 — Ik 
R14 —3.3k 
R15 — 68 ohms 
R17 —2.2k 

VR1, VR2 — 47k large vertical 
trimpot 

VR3 — 4.7k large vertical trimpot 
Inductors (see Table 2) 

LI — 10 turns bifilar, 0.6mm 

enamelled copper wire on 

Amidon yellow core 

L2, L3 — 0.4uH 

L4, L5 — 0.5uH 

L6, L7 — 0.7uH 

L8, L9 — luH 

L10, L11 — 3uH 

LI 2, L13 — 5uH 

Miscellaneous 

1 PCB, code ZA-1501 

SI, S2 — SPDT toggle switch 

S3 — 2 pole, 6 way rotary switch 

RL1, RL2 — DPDT relays 

Ml — 250uA FSD meter 

1 2.3-metre length RG-178 coax 

1 30A fuse and fuseholder 

1 1-metre length red/black power 

cable 

1 cable clamp grommet 
1 knob 

4 6mm spacers 
4 rubber feet 

4 3mm bolts, 13-16mm long 
4 3mm nuts and star washers 
46 PCB pins 

1 275mm x 6-way ribbon cable 

2 S0239 sockets 

4 Philips 3mm x 8mm self-tapping 
screws 

4 3.5mm x 9mm self-tapping 
screws 

6 3mm x 12mm bolts 
1 finned heatsink, 220 x 136 x 
38mm 

1 case with front and rear panels 


Where to buy the kit 

This project was developed in the Research and Development Depart¬ 
ment at Dick Smith Electronics Pty Ltd. It is available as a kit of parts only 
and can be purchased by mail order or from your nearest Dick Smith Elec¬ 
tronics Store. 

The kit comes complete and includes fibreglass PCBs, predrilled metal¬ 
work, and prepunched front and rear panels with screened lettering. 

Mail orders should be addressed to: Dick Smith Electronics Pty Ltd, PO 
Box 321, North Ryde 2113. Phone (02) 888 2105. 

Note: all PCB artwork material copyright Dick Smith Electronics Pty Ltd. 


54 ELECTRONICS Australia, November 1986 


+13.8V, D3 is normally non-conducting. 
But if the supply rises above about 17V, 
D3 conducts and provides base current 
for Q2. Once again, Q2 turns on and the 
relays switch the booster out of circuit. 

Finally, diodes D5 and D8 provide pro¬ 
tection against reverse connection of the 
battery, while D6 and D7 protect Q4 
from voltage spikes when the relays turn 
off. 

Next month, we shall give the full 
construction and alignment details. In 
the meantime, you can order your kit 
from Dick Smith Electronics (see box), g 















Great Time With FunWay _ 

Gifts that are fun, educational and affordable. $ g 
Occupies young minds with hours of # 

constructive entertainment which is cat K-3252 

educational. FunWay books tell you how and 
the project kits supply all the materials. 

FunWay 1 Project Kits 1-10 c»tK-2«oo 
10 Exciting projects to build in this $095 
one inexpensive kit. Fantastic value! w 


Deluxe Car Alarm 

Delayed and instant alarm inputs • 
entry/exit delay • siren output • flashing 
dash light. 9 out of 10 features 
recommended by the NRMA. Add 
ignition killer for 10 out of 10 security^ 

As described in — _ 


Stereo 

Decoder... 

Turns your old AM 
tuner into a brilliant 
entertainment centre 
by taking AM IF 
output, decoding the 
C-QUAM signal and 
providing left/right 
channel audio 
outputs. Cat K-3415 


one inexpensive kit. Fantastic value! 

FunWay 1 Project Kits 11 -20 Ca * K - 2910 

Another 10 projects. Build a beer powered 
radio, transmitter. (Needs K-2600 Kit) $£95 

FunWay 1 Gift Box ~ 

All parts to build up to 20 projects $Q>|50 
plus FunWay 1 book, cat K-2805 

FunWay 2 Gift Box 
Value! Includes FunWay book 2, 

soldering iron, wireless mic kit and $0£95 £ound vg|||P 
more. Cat K-2620 

FunWay 3 Bonus Pack BOOKSHELF 

Includes FREE FunWay book 3, SPEAKER KIT 

Electronic Cricket & Mini Amp kits ^ Bui | d your own 80W 

bookshelf stereo 
speakers and save! 
Stylish, accoustically 
$R^95 well designed with 45- 

>0 POOOOH7 frenuencv 


(Worth $31.10) Cat K-2870 

FunWay 1, 2 & 3 Gift Box 

Combination of kits to build 24 
projects. Unlimited value! ci 


20000Hz frequency 
response 1 ' 

sensitivity. 


Jumbo FunWay Box ca. k-2690 ^ „ 

Crammed with 30 projects, $AQ95 cAMTACTir A A 

soldering iron, PCBs - the lot! ~fO P 




* Stingray - No 1 In Marine Communications 


HF Marine Transceiver Forget Antenna Tuning Hassles! 

Powerful 100W SSB rig for all HF marine Stingray tuning unit matches antenna to 
frequencies... handles emergency, club and transceiver quickly and easily for maximum 
chatter over 2-30MHz range. Plug-in performance and minimum risk of high SWR 

frequency cards for simple single knob damage. Covers 2-23MHz range. c 

frequency selection. DOC CatD-1412 *429 


Marine Radio- 

VHF Marine Transceiver! 

Value for money VHF hand¬ 
held with 12 programmable 
channels to cater for coastal 
cruises. • 0.5/2.5W 
switchable power output • 

Sensitivity better than 0.25uV 
(12dB SINAD) a - - 

DOC approved, v i 

Cat D-1404 

5W 6Ch Transceiver 

Don’t leave shore without 
this beauty! 5W with all 6 
channels fitted. 

Connects to boat antenna for 
maximum performance. 

Take it home 
after docking. 

DOC approved ’ 

1W 3Ch Safety 
Transceiver 

Here's a popular 
communicator! 1W, 3-Ch 
'safety' transceiver that’s 
compact enough for 
bushwalkers, etc. Fitted with I 
27.620 frequency with 
remaining 2 frequencies 
open for your choice. DOC 
approval: a^^aa 

242H0108 jQO 


Uniden MC-480 

Marine Radio 
Telephone 

ONLY 

$449 

k The best of both worlds: Access to 55 
i international VHF marine channels PLUS 
OTC’s Seaphone facility for contacting 
land phone network. Immediate Ch.-16 
access, switchable 1W/25W output. 

DOC approved. catD-1400 



Economy Marine 


>roved. Excellent 



$ 1795 


Noise Blanking Mute Cord 


10 Channel, 27MHz transceiver that won't 
sink the budget! Yet provides max. legal 
output on all channels, auto noise limiter 
and ceramic filter. LED freq. display and 
squelclv Doubles as PA amp with optional 

-- power horn. 

DOC Approval: 

2440040 


* These products available at selected stores on the coast — please phone your store for availability. 














Be Santa’s Helper with 


Enjoy the 
latest & the 
best at 
affordable 
prices! 



'Anywhere Amp’ kit. 

Compact, battery 
powered- 
connect guitars, 
organs for 
musical action 
anywhere! Treble, 
bass and volume 
controls. High/low 
Nor level inputs. 

' Cat K-3447 


Radio Direction Finder. Used with 
an FM receiver it quickly indicates 
RF signal direction - ideal for 
marine use, amateurs. 
Electronically rotated antenna 
system produces frequency 


modulation by Doppler shift. 

Usable frequency range 50-500MHZ 
“ suitable antennae used. 


Before You Know It Christmas Will Be 
Here. Shop At DSE Now & Save! 



































THE BEST KITS 
IN THE WORLD! 


Ask any “old timer” in electronics 
who makes the best kits in the world 
and the answer would be, without 
fear of contradiction, “Heathkit 

And they’d be right 

For the past fifty years. Heath 
Company has earned its reputation 
as the world’s leading electronic kit 
manufacturer. 

Heath kits are the best in the 
world. Not only are they 
outstanding in design and function, 
they look good! In fact most 
people find it impossible to tell 
apart a Heathkit product and a 
commercial equivalent 

Of course, the builder can tell 
them apart: not only has he/she 
saved money by building it 
themselves, they also have the 
satisfaction of knowing they’ve 
built it themselves! And, along the 
way, probably learnt a little more 
about the fascinating hobby of 
electronics, and developed new 
skills in construction techniques. 

But Heathkits are much, much 
more than just a collection of 
electronic bits and pieces. 

As anyone who has ever built a 
Heathkit will tell you, it’s the 
manuals that set Heathkits apart 
from the rest. 

Some idea of the importance that 
Heath places on the manual can be 
gained from the time it takes to 
prepare them: on average, Heath 
spends four times as long writing, 
editing, re-writing and drawing the 
manual as it does in actual kit 
design. 

That’s right, four times as long. 
Heath know that any competent 
engineer can design a circuit that 
works... they also know that the kits 
are normally built by hobbyists 
without the degrees or even the 
experience. They know that nothing 
is more frustrating than not being 
able to identify a component, or not 
knowing how to align or adjust a 
project. 

Therefore nothing is left out 
Every piece of information even the 
most novice constructor could need 
— even things like how to bend 


resistor pigtails. 

Not only that, but everything you 
need to know to get the product to 
work — including comprehensive 
trouble-shooting and service notes. 

And even then. Heath has a 
technical help service: in the 
unlikely event that your project 
doesn’t work, there’s always help 
available. 

Hence Heath’s motto: “We Won’t 
Let You Fail" 

HEATHKITS IN AUSTRALIA 

Despite their international 
reputation, Heathkits have not been 
easily obtainable in Australia. 

They’ve been around — but not so 
you could walk into a store and buy 
them. 

Until now. 

Dick Smith Electronics have, for 
many years, recognised the potential 
of Heathkits if made freely 
available. 

As the leading kit supplier in this 
country for nearly two decades, DSE 
has had many requests for 
Heathkits. When the opportunity 
arose for DSE to import and sell 
Heathkits, we naturally said “Yes!” 

Sure, we recognised that Heathkits 
were more expensive than most 
other kits. But they were worth it! 

We also knew that there was a 
demand for the quality of Heathkits 
— particularly from retired people 
who had time on their hands — and 
knew of Heathkit’s reputation. 

DSE’s dedication to the electronics 
hobbyists and enthusiasts of 
Australia and New Zealand meant 
that Heathkits would be one more 
service we could offer. And a top-of- 
the-line service at that 

So a selected range of Heathkits 
has been chosen and will become 
available through DSE almost 
immediately. 

We’ve picked almost twenty kits 
which we have had demand for in 
the past These will be available “off 
the shelf, many of them through 
your local DSE store. 

Some may need to be ordered 
through the central computerised 
DSXpress Centre in Sydney (24 hour 


despatch to anywhere in Australia.) 

We’re deliberately not trying to 
stock the whole range in Australia or 
New Zealand: look at the Heathkit 
catalogue and you’ll see it’s immense! 
It’s simply not possible to hold this 
amount of stock in a small market 
such as Australia/New Zealand. 

This doesn’t mean, however, you 
cannot get other Heatkits: we will 
order any kit in the Heathkit range 
against a firm deposit, with the 
exception of computer kits or 
leaming/training aids. 

You should keep in mind that 
some kits are specifically American 
in nature — such as NTSC colour 
TV’s. Of course, if you specifically 
want an NTSC colour TV, we can 
order one for you. 

Because of the rapidly fluctuating 
dollar, we cannot print firm prices on 
these kits: however, one phone call to 
our Heathkit Information Line will 
get you the current price. 

SPECIAL INSTRUCTION 
MANUAL OFFER: 

It’s difficult to order from a 
catalogue, sight unseen. So here’s our 
special deal: 

If you’re interested in a particular 
kit you can buy the instruction 
manual alone. It tells you all about 
the kit how to put it together, how to 
adjust/align it and so on. 

Youll be able to judge whether or 
not it’s the kit for you. 

Then, if you go ahead and buy the 
kit well refund 50% of the price you 
paid for the manual. What could be 
fairer than that? 

You can’t lose — no outlay for a kit 
you might not want — and you’ll be 
assured it’s the right one when you 
order it! 

THEY LOOK SO GOOD... 

DSE takes pride in the kits we 
produce. Remember our slogan: 
They look so good your friends won’t 
believe you built them... 

We admit it! Heathkit does it 
better 

They look so good you won’t 
believe you built them... 


DiC^SMiTH 

ELECTRONICS 


Heathkit — available from 
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Deluxe Antenna Tuner Digital Readout of Unknown The Ultimate Weather Station 

Components Get better weather information than the 

Imagine: just plug in any unknown L or C weather bureau gives! Famous world-wide, 
and get an instant readout Why throw the Heathkit computerised weather station 
away components? Also ideal for tolerance gives wind speed and direction, wind chill 
sorting, checking losses & dissipation, and factor, temperature, barometric pressure 
so on. Range is massive: lpF to 2000uF; (and whether its rising or fallin g) 

1 uH to 2000H. everything! If your business is knowing the 

weather, the Heathkit weather computer is 
for you! Everything supplied — including 
sensors and cable. 


Exactly match your antenna system to Components 
your transceiver: minimise losses, 
maximise efficiency. The Heathkit 
Antenna Tuner features very high power 
handling (lkW CW) over the full HF 
bands, with roller inductor, dual watt¬ 
meters and built-in 4:1 balun. 


*799 


Cat G-3OU0 

Active Antenna 

Just right for the SWL with no room! HF 
preamplifier with its own inbuilt whip 
antenna and provision for external 50 ohm 
antenna. Operates from 300kHz to 
30MHz. 

Cat G-3005 *199 

Ultrasonic Cleaner 
At last! Clean virtually anything (up to 
150mm x 100mm) ultrasonically: it 
actually vibrates dirt, stains and 
undissolved solids away! Use on 
components, jewellery, coins... even 
dentures! Uses ordinary laundry soap or 
softener. 

cato™ *299 

FM Deviation Meter 
Work with FM? You need this one. Deluxe 
deviation meter accurately and quickly 
checks deviation from 2 to 75kHz, over the 
range of 25 to 1000MHz. No more reports 
of “over deviation, om!" — you can even 
leave this in line for continuous checks. 

Cat G-4000 

RF Generator 

Economical test gear — that really works Tunes 
well! Modulated and unmodulated signals 
from 310kHz to 110MHz — with 
calibrated harmonics to 220MHz. A must 
for every service shop — or for the serious 
hobbyist 

CatG-4005 *149 

Signal Tracer for easy repairs 
Check out RF, IF even audio circuitry 
quickly and easily. Trace through until you 
find the fault A must for the work 
bench. 


CatG-4020 *699 

The Laser’ll Amaze ya! 

Schools, colleges, clubs: here’s the perfect 
way to find out all about the laser. The laser 
trainer includes a HeNe gas laser with 
modulator, also includes a receiver for 


Cat G-2020 $ 799 

(Tax Free price for schools, etc only $649) 
Amateur CW Transceiver 
QRP transceiver just right for the novice or 
avid CW enthusiast CW coverage on 80, 
40,20 and 15 metres with RF output up to 4 
watts. Ideal for portab^attery operation 
too. 

Cat G-3020 *499 

Accessory Band Pack for QRP 
transceiver 


catorcoo *999 

Everybody’s HERO! 

The robot of the future is here today. It’s 
Hero Jr — from Heathkit of course. More 
than just a robot Hero Jr will become a real 
member of your family. He (she?) is pre¬ 
programmed: Hero Jr will wake you up 
(even listen to make sure you’re awake!), 
remember dates and anniversaries, walk, 
talk, protect you and your home (even 
activate your security system for you!) and 
much, much more. You can re-program 
Hero Jr via its own keypad or with your 
home computer (needs RS232C link). Of 
course. Hero Jr is battery operated and 
comes with an AC recharger. 

*1395 

oo @ $1995) 


17 and 12 metres plus 10 metres. 


*75 


NBS Clock 

“The most accurate clock” you’ll ever own. 
Tunes into WWV or WWVH for time 
signals accurate to lOmS; displays in 
digital form down to 0.1 second. Can 
display any of the world’s 24 standard time 
zones. Outdoor antenna recommended. 


*399 


your own 


*149 


Cat G-2005 *629 

Cantenna 

1 kW dummy load in a 4 litre can. Less than 
1.5:1 VSWR up to 450MHz; ideal for on-air 
testing or alignment without any RF 
getting out Needs 4 litres transformer oil 
(not supplied). 

C,,„..» 1S $ 49 95 


Accessories: 

Infra Red Motion Detector 
(for security applications) 

CatG-1010 

RS232 interface 
(re-program hero from 
computer) 

CatG-1030 

Cartridge Adaptor 
(for plug-in command cartridges) .. 

Cat G-1050 *179 

Special Occasions cartridge 

Cat G-1045 

BASIC Cartridge 
(Robotics Oriented BASIC Language — 
use when reprogramming with your own 
computer). 

Cat G-1080 *179 

Spare Batteries 
(set of 2 rechargeable) 

Cat G-1040 *69 


*179 


*69 




Did you miss out on a Heathkit Catalog? 

these for you on the following conditions: ’ ubt wm order 





find one for'you^just give them'this coupon 3 " 39 *^ he/She m ' 9ht be able t0 

1,1 


Na- . 



Address . 



























85s Heathkit 


ORDER FORM 


Phone your order through from 
anywhere in Australia for the cost 
of a local call. 

FREE freight on all Heathkits. 


( 008 ) 22 6610 

Sydney (02) area phone 888 2105 
OR POST TO P.O. BOX 321, 
NORTH RYDE NSW 2113 


Name 


.Customer No. 


Date 


Address...Postcode 

Have you bought from DSXpress before? CD YES EH NO 


Phone 


If you have changed your address, print previous address: 


CAT NO 

HEATHKIT 

PRICE 

EA 

QTY 

REQ 

TOTAL 

PRICE 

G-1005 

Hero Jr Robot 

$1395 



G-1010 

Hero Jr l/R Detector 

$399 



G-1030 

Hero Jr RS232 Interface 

$170 



G-1040 

Hero Jr Spare Battery Set 

$69 



G-1045 

Hero Jr Special Occasions Cartridge 

$69 



G-1050 

Hero Jr Cartridge Adaptor 

$179 



G-1080 

Hero Jr BASIC Cartridge 

$179 



G-2000 

Computerised Weather Station 

$999 



G-2005 

The Most Accurate Clock 

$629 



G-2010 

Ultrasonics Cleaner 

$299 



G-2020 

Laser Trainer 

$799 



G-3000 

Deluxe Antenna Tuner 

$799 



G-3005 

Active Antenna 

$199 



G-3015 

Cantenna Dummy Load 

$49.95 



G-3020 

Amateur CW Transceiver 

$499 



G-3021 

Accessory Band Pack G-3020 

$75 



G-4000 

FM Deviation Meter 

$435 



G-4005 

RF Generator 

$149 



G-4015 

Signal Tracer 

$149 



G-4020 

Digital L/C Bridge 

$699 























METHOD OF PAYMENT FREIGHT/INSURANCE MER 

□ Cheque □ Money Order Heathkit orders are sent freight free within 

Australia by road or post. 

CHANDISE 

TOTAL 

SURANCE 


□ Bankcard 

Card No. 

□ Visa □ Mastercard □ Amex d Road Freight □ Post 

(Not to PO Box) 

AIR FREIGHT 
LESS ANY 
a cost CREDIT 

TOTAL $ 


.. . , .; — ; - 1 wr rreignt is available up to 10kg at ext 

1 M 1 1 1 1 1 1 1 1 1 li 1 1 ($12.50) 

Signature □ Please tick if air freight is required 


Insurance is recommended. Cost Is only $1 for every $100 of order value. 

□ Please tick if insurance is required (goods otherwise sent at owner’s — your — risk) 

NZ CUSTOMERS — PHONE (09) 392 997: STOCKS AVAILABLE EARLY 1987 
















































































TOOLS 


Value plus! 9-Pc 
Tool Kit 

the basics in a handy zip-up 
carry wallet. Perfect for 
hobbyists (PCB work,etc.), 
jewellers and modellers. 
Includes: • Micro cutter • Snap- 
off mini knife with safety lock • 
Fine tip tweezers • 6 Assorted 
screwdrivers, catt-4836 


Varifemp Iron 

At last an affordable variable temp' 
soldering iron to handle the heat 
Temperature control is 
conveniently located on the 
handle for easy adjustment. 25W 
240V operation. caiT-1350 


^ IS JUST 
'AROUND 
THE CORNER 

Multipurpose Repair Kits 
68 piece 38 piece 


*13” 


12 volt Iron 

Budget priced, ultra slim iron... 
Ideal for delicate soldering where 
"precision" is a must! Requires 
12V/1A AC/DC power supply, cat 



Already own a multimeter? This ■■vts* 

set has everything else — and 
then some! Auto electric 
checker (6-12-24V), heavy duty 
pliers, crimp terminal set... with 
60 assorted crimp lugs, 
insulation tape, even connecting 
- wire! 


Everything for quick and easy 
wiring repairs — with no 
soldering! Ideal for automotive 
and hobby use. Includes 
multimeter, cat t-4832 



Precision Mini Ironj 

Don’t make a mess of it! Our ultra 
slim iron is perfect for precision 
soldering on computers, PCBs 
and auto repairs. 6W output, 
12VAC or DC operated. catT-1920 


Pro-Feature $4 x 95 

Soldering Station 10 

variable Temp c ontrol Desoldering Iron 

A ‘must’ for any serviceman’s or 
hobbyist's tool kit! A self- 
contained, fully portable 240V, 
30W desoldering tool that 
operates quickly and efficiently. 

Cat T-1340 


I 4 

FOR EVERY « ZAo . 

handyman 5 09 95 


$ 37 95 




$99 



$ 75’V 


A soldering station with variable 
temperature control for under 
$100! Adjust temp between 200° 
to 500°C. Includes lightweight 
i, holder and cleaning sponge. 

Rechargeable Soldering 
Iron/Station 

Versatile, quick heating cordless iron mat’s 
perfect for circuit and general purpose 
soldering... on the workbench or away. Built-in 
bulb for better viewing, safety cap for on-site 
jobs. Dual purpose soldering station is a stand 
and recharger. Complete with long-life tip, 
solder, sponge and §|- 4 95 

AC adaptor. Cat T -2020 94 

Spare tip and sponge kit CatT -2021 $8.75 


Ariec Supertool 

The mini work cohf6^i?td t hand pierce 

carry case. catT-4754 7 •> 

Or BONUS V* 

TSflSU. fantastic 

f Accessories: ““ * c 

Drill Bits 
Grinding Bits 

* Ink Erasers . 

t Ehgraving/MIH'nfl Bits flg-y 

58332 ?.*» “ TJ '“ *- 6 : 4 - 


Cat T-4756 $9.45 
Cat T-4758 |12 |» 
Cat T-4760 J5.10 
Cat T-4762 SS.OO 



Electric Glue 
Gun 

What a fantastic idea. This electric glue gun will 
bond any porous surface instantly. Quick warm 
up and ergonomic design makes it a must for 
^ any workshop, cat t^84o 


Glue sticks — pack of 12 CatT-484i $5.45 


The One-Stop Shop 
for hobbyists needs! 













Scann/ng & Marine BonanzalThe best value In communication around. Marine Antennas 

Note: Marine equipment limited to our coastal stores - please phone ahead. marine AniennaS 


Bearcat 16-Ch. 
Scanner 

UBC-175XL 

Here’s what scanning is all 
about! 16 Channels over 11 
ranges - including aircraft 
and weather. 8-Digit display: 
freq., Lockout and Priority. 
Direct channel with manual 
up/down scanning or auto 
search ... and much more. 


...Prefer A 16-Ch. 
Hand-Held? 

UBC-100XL 




... And There’s A 
10-Ch. Hand-Held 
Too! 

BC-50XL 


*399 


499 


Cat 0-2812 

Frequencies Covered 

• 29-54MHZ • 118-136MHz 

• 136-174MHZ • 406-512MHz 


Swift & Young Sts. 

T55 Terrace Level 
Shop 1, 65-75 Main St 


Elizabeth Dr & Bathurst St 
"0 High Street 
1-627 The Kingsway 
.. 3 Maitland Rd, Tighes Hil 
Lane Cove & Waterloo Rds 
" orgeS Smith Sts 

i Gateway, High & Henry £ 

I George St ——p. 

,tu York St Sydney CHy 

Treloar's Bldg, Brisbane St Tamworth 


Frequencies Covered 

• 66-88MHZ 

• 118-135-975MHZ 
•136-174MHZ 

• 406-512MHZ 
Packs all the best features 
into a compact, go-anywhere 
unit just 74x35x179mm. 

Covers 9 freq. bands with 
direct channel access and 
auto search. Enjoy selective 
scan delay, priority and auto 
lockout. Includes carry case, 
ear plug, (AC adaptor and 
battery optional), cat d-2813 



27MHz Helical 

Superb whip for all hull types ... 
wood, cement, fibreglass ... and 
it doesn't require a ground 
plane! Complete with mounting 
base, cable and simulated 
ground plane, jsas 

Cat 0-4070 

27MHz Swordfish 
% Wave Anfenna 

Resiliant fibreglass 1/2 wav 
all hull types and NO metal 
ground plane required! Includes 
coax cable, tuning box and 
handy ‘any-which-way’ mounting 
base with emergency quick 
release lever. 

50 


*74 


Economy price and size! Yet 
it’s big on performance- 
covering 10 bands with 
direct channel access, 
manual or scan plus lockout 
and review buttons, cat d-28u 


Marine Crystal 
Bargains! 

All JUSt*9“ Pa /y 

27.620 D-6062 27.910 D-6091 
27.860 D-6086 27.940 D-6094 
27.880 D-6088 27.960 D-6096 
27.900 D-6090 


STORE LOCATIONS 



96 Gladstone St 


(02)707 4888 „„ 

mSJES MSMcCraa St WebS,er Sl 

(02)387 1444 H» OM3UM. St KfflT 

(021 S3 0441 !iSl horn Rd & Ne P® an Hw V East Brfgh 
«ua\ »y «aa 260 s V dne y Rd Coburg 

f" 1150 Mt Alexander Rd Eaamrtm 

luzi amass Nepean Hwy& Roes Smith Av- - 


Fyahwtcfc (062) 80 4*44 


(053) 31 


77 Grenfell St 
Main South & Flagstaff 
Main North Rd & Darlin 


(067)84..., 
(042) 28 3800 


(054) 43 0388 
(03) 890 0888 WA 
(03)582 2388 Wharf St & Albany Hwy 
(03) 383 4455 66 Adelaide St 

(03)379 7444 Wmiam St & Robins 
(03) 783 9144 Raine Square, 125 
(052)43 8522 TA8 
(03) 87 8834 Shop 40A. Lower Le 
(03)428 1814 Cat & Fiddle Arcade 
(03) 547 0522 NT 

(07) 228 8377 

iwuwinu Dur.no* (07)381 8233 

Gympie & Hamilton Rds Chatmakie (07) 359 8255 

Queen Elttabelh Dr IBemartS, Rockhampton (079)27 9044 
2nd Level Western Entrance 

Redbank Shopping Plaza Redbank (07) 288 5599 

Gold Coast Hwy & Welch St Southport (075) 32 9803 

Bowen & Ruthven Sts Toowoomba (076) 38 4300 

Kings Rd & Woolcock St Townavile (077) 72 5722 

Cnr Pacific Hwy & Kingston Rh ii*M4«**aa~»a4 


10 High St 


157-159 Elizabeth St 


17 Stuart Hwy 



=S SS ^=s=S55=; 

MAJOR DICK SMITH ELECTRONICS AUTHORISED RESELLERS 

~1_Q«rB..St,775935.Y ? w W KWthDonge, EWctronic. 1 M « Bactronk*. St. 7 



=DXC 


POST & 

PACKING $ 5o ° — $9.99 $2.00 

CHARGES $10.00 - $24.99 $3.50 

$25.00 - $49.99 $4.50 

Terms available to approved applicants 
SA Customers: Credit facilities available throuqh 
Adelaide: 10 Pulteney St, Adelaide 
Offer concludes 31/11/86 or until stocks last. Prices 
interest rates, government taxes and imports. 


P.O. Box 321, North Ryde N.S.W. 2113 
Tel: 888 3200 

be increased without notice due to fluctuations in currency, high 
















Low cost 
dummy load 


Put six light bulbs in a screened box , fit a 
six-way switch and what have you got? 
Answer: a low-cost dummy load that’s just the 
shot for service work. 

by JIM LAWLER (MTETIA) 


When servicing TV sets we often re¬ 
quire some means of loading the power 
supply without risking damage to expen¬ 
sive transistors or other components in 
the line output stage. 

Then again, although most TV power 
supplies incorporate current limiting, it 
is often an advantage to have some kind 
of backstop current limiter in series with 
the output transistor during line output 
stage troubleshooting. 

There is one common, cheap, easy-to- 
use component that is ideal for both of 
these jobs, and in other places as well. 
This is the ubiquitous light bulb or in- 
candescant lamp. 

I usually keep a 100 watt lamp in the 
workshop for this kind of testing, but 
recently, while adjusting the output of 
the EA 300 Watt Inverter, I had need 
for both low and high value loads. I 
“pinched” enough 100 watt lamps from 
the lounge and dining rooms to solve 
the high value problem but low wattage 
lamps are not so common. 

I solved my immediate problem by 
borrowing a 45 watt lamp from the little 
room but later, while sitting in the dark, 
I decided that I had to build up a 
proper dummy load with a wide range 
of wattages instantly available. 

To use a lamp as a service aid in TV 
work, I had used a bayonet socket from 
an old lamp fitting with a short length 
of flex and two alligator clips. I some¬ 
times added an old double adapter if it 
was necessary to increase the load be¬ 
yond that offered by one lamp. 

This system worked well enough, al¬ 
though an awful lot of lamps met a 
premature end when bashed against the 
bench, or squashed under TVs. My new 
setup would have to be rugged enough 


to protect the lamps from workshop 
perils. 

The final design suggested itself one 
day when I was picking up some stores 
from one of my suppliers. On his wall 
was a display of HPM electrical fittings, 
including a switch plate holding six 
rocker switches. This plus six batten 
holders, a few scraps of particle board, 
some short lengths of power cord and a 
metal screen allowed me to put together 
the “ultimate” dummy load. 

My contraption is fitted with six 


lamps, one each of 15, 45, 60, 75, 100, 
and 150 watts. These are all readily 
available and quite cheap. Used singly 
or in combination, they can offer a wide 
variety of loads up to 445 watts at 240 
volts. 

The photograph shows how I ar¬ 
ranged these parts, but any arrangement 
would be suitable, provided the lamps 
are protected from physical damage and 
are well ventilated. This unit has been 
fitted with a three pin plug for testing 
the 300 watt inverter mentioned earlier 
but it could be fitted with alligator clips, 
or adapters made up to fit any type of 
plug or socket that might be required. 

When using lamps like this as dummy 
loads, it is wise to remember that they 
will dissipate their rated power only 
when fed from 240 volts. Their con¬ 
sumption is all over the place at lower 
voltages because of their different tem¬ 
perature coefficients. © 



The light bulbs and switches are all wired in parallel. 
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An infrared 
remote control 
preamplifier 


This second and final article on the IR 
Remote Control Preamplifier describes the 
construction and setting up procedure. The 
Dick Smith kit will include prepunched 
metalwork, moulded remote control case and 
all hardware down to the last screw and nut. 

by JOHN CLARKE 


Construction of the IR Remote Con¬ 
trol Preamplifier involves assembling 
five printed circuit boards (PCBs), plus 
a small amount of wiring and mechani¬ 
cal assembly. Overall it should take 
only a few nights work to have the sys¬ 
tem operational. 

IR Transmitter 

Two PCBs for the remote transmitter 
are designed to insert into the moulded 
plastic case. The keypad PCB (coded 
ZA-1599) is secured with screws to the 
case lid which retains the keypad 
switches in position. The ZA-1598 PCB 
circuit clips into the base of the case. It 
is shaped like a chunky “T” in order 
that it can use the integral plastic clips 
to secure the PCB in position. 

Beginning with the keypad PCB, 
there are ten wire links required and 
these should be mounted on the top of 
the PCB as shown on the overlay dia¬ 
gram. After soldering, crop the wires 
short on the copper side so that they 
will not foul the plastic membrane 
switch when assembled. 

A 9cm length of 12-way rainbow 
cable connects to the bus at the edge of 
the PCB. This is labelled from R1 to 
R8. Separate each wire from the end of 
the cable for about 2mm and strip the 
insulation about 1mm back from the 
ends. Twist the strands of each wire to¬ 
gether and insert the wires into the 
holes from the top side of the PCB. 
They can now be soldered. 

Assembly of the ZA-1598 circuit PCB 


requires that the high profile compo¬ 
nents (LI and Cl to C3) be placed side- 
on so that the PCB will fit within the 
case. Take care with the polarised com¬ 
ponents such as the IC, transistors and 
C3. The transistors should be inserted 
and pushed down close to the PCB. 
Note that there is provision for a second 
470/iF/16VW capacitor below C3. This 
should be used to obtain better trans¬ 
mitter range if a standard 9V battery is 
used rather than an alkaline type. 

The IR LEDs are mounted proud of 
the PCB so that when the PCB is 
clipped in position, the LEDs rest on 
the integral plastic supports within the 
case. To do this, bend the anode (long¬ 
er) lead at 90 degrees 10mm from the 
LED base and the cathode (k) lead 


7mm from the LED base. Insert each 
LED so that it is raised above the PCB 
by 8mm. 

The rainbow cable also connects to 
the R1 to R8 bus on this PCB. Make 
sure that this cable is oriented so that 
R1 on the keypad PCB also connects to 
R1 on the main PCB. Finally, the bat¬ 
tery wires connect to the PCB with the 
red wire going to the plus (+) terminal. 

Clip the main PCB onto the base of 
the case and insert the battery clip 
through into the battery compartment. 

The keypad label can be affixed to 
the front of the case lid and the rectan¬ 
gular holes for the switches trimmed out 
with a sharp knife. Place the switch tops 
into the holes and place the membrane 
switch matrix inside the lid. The keypad 
PCB screws to the lid and is oriented so 
that the rainbow cable exits from the 
window end of the lid. 

Finally, place the red plastic window 
into the front of the case and clip the 
whole case assembly together. It is se¬ 
cured with a screw near the battery 
compartment. 

Power Supply PCB 

Work can now begin on the power 
supply PCB. This is coded ZA-1597. 
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Begin with the low profile components 
such as the resistors, diodes and transis¬ 
tors. Be careful with the orientation of 
the diodes and transistors. Insert the ca¬ 
pacitors, making sure that the electro¬ 
lytic capacitors are oriented so that the 
plus sign on the capacitor body matches 
the PCB plus sign position. 

The heatsink is secured to the PCB 
using screws from the underside of the 
PCB. These tap into the heatsink extru¬ 
sion. After smearing heatsink com¬ 
pound on the regulator tab face (IC1), 
insert it into the PCB and screw it to 
the heatsink. Now solder the regulator 
to the PCB. 

Finally the relays and PCB terminal 
block can be soldered in place. The 
completed board can then be set to one 
side so that work can progress on other 
boards. 

Analog and Logic PCB 

The analog and logic board, coded 
ZA-1597, is the largest board of the 
preamplifier system. Assembly should 
begin by installing all the links, resis¬ 
tors, diodes and ICs. Take care with the 
IC orientation and note that IC1 is 
oriented differently to the remaining 
ICs. 

LI and L102 are ferrite beads with 
one turn of enamelled copper wire 
through the centre. Strip back the insu¬ 
lation at the ends before soldering. Now 
install the capacitors and transistors. 

Finally, the trimpots and PCB-mount 
RCA socket assemblies (two) can be in¬ 
stalled making sure that the RCA sock¬ 
ets are stood at right angles to the PCB. 

A small amount of wiring is also nec¬ 
essary on this PCB. First, there is a 
6-way ribbon cable 145mm long con¬ 
necting between the -ve, sa, sb, +ve, 
st and si terminals. Second, there is a 
stereo pair of shielded cable connecting 
from the end-most RCA sockets of CN2 





Left: parts layout for 
the main transmitter 
PCB. 


The transmitter cir¬ 
cuitry is housed in an 
attractive moulded 
plastic case. 


Parts layout for the keypad PCB. Install the 
10 wire links first. 


to R27 and R227. The shield of the 
cable is connected at the socket end 
only. 

Control board 

The final PCB for assembly is the dis¬ 
play or control PCB, coded ZA-1596. 
This mounts vertically behind the front 
panel and carries all the pushbutton 
switches. Begin assembly with the links, 
resistors and ICs. Note that IC1 is bent 
over so that it lies flat onto the PCB. Its 
orientation is such that the chamfered 
edge faces the top edge of the PCB 
(hence the dotted line on the package 
outline of the overlay). 

The capacitors and inductors L2 and 
LI are all inserted so that they lie flat 
on the PCB. Again, be careful with the 
orientation of the electrolytic capacitors. 
The two transistors Q1 and Q2 should 
be mounted as close as possible to the 
PCB. Next install the trimpot VR1. 

The PCB mounting push button 
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View inside the prototype. The two RCA socket 


are soldered directly to the analog and logic PCB. 


Remote control preamplifier 



Here is the parts layout for the power supply PCB. Take care with the mains wiring. 


switches are mounted hard against the 
PCB with the “flat” side oriented as 
shown on the overaly. Note that the 
left-most locations for the switches are 
not used. 

Once the switches have been in¬ 
stalled, the LEDs can be placed in posi¬ 
tion. Note that the long lead of the 
LED is the anode and the short lead 
the cathode (k). They are installed so 
that the top of the LED shoulder is at 
the same height as the shoulder on the 
switches. Solder only one lead at this 
time to allow adjustment in the front 
panel, as necessary. 

Note also that LD9 is red and LD8 is 
green while the remainder from LD1 to 
LD6 are orange. The level display 
LEDs from LD10 to LD18 are all green 
except for LD14 (centre LED) which is 
red. 

The photodiode PHI is mounted 
proud of the PCB to the same level as 
the switch shoulders. Note that the 
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Most of the work involves assembly of the analog and logic board. See text for on-board wiring details. 


chamfered edge is located toward the 
top edge of the PCB. 

This completes the PCB construction. 
The remaining work consists of wiring 
and assembly. 

Assembly and Wiring 

Bolt the mains socket to the rear and 
the transformer to the base using ma¬ 
chine screws and nuts. The earth lug is 


bolted to the baseplate as shown on the 
wiring diagram. It uses two nuts with 
spring washers. 

Follow the wiring diagram for the 
mains and transformer connections. Se¬ 
cure the mains cord using the cord 
clamp grommet and terminate the mains 
wiring directly onto the power supply 
PCB. They are soldered quickly to 
avoid melting the insulation. Be certain 


that the earth wires (green/yellow) are 
soldered to the earth lug and connected 
to the earth on the mains socket. 

Holes are provided in the PCB to ac¬ 
commodate tying the wires down with 
cable ties. 

Temporarily support the power supply 
PCB using the 4 x 15mm standoffs in 
readiness to test the power supply PCB. 
Recheck the wiring and switch on the 
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Remote control preamplifier 



This photo shows the layout of the sub-assemblies inside the chassis. 


mains power. Check the voltage at the 
output of the regulator using a multime¬ 
ter. It should be about 15V. The relay 
operation can be checked by connecting 
a jumper lead between the (-) and (on) 
terminals of CN5. The 15V supply 
should now appear at the (+) output of 
CN4. 

Now the rainbow cable for the inter¬ 
board wiring can be prepared. 

Temporarily locate the main analog/ 
digital PCB on 6 X 15mm standoffs and 
position the front display PCB on the 
supplied standoffs. This will allow the 
lengths for each cable to be determined. 
The wiring diagram shows the intercon¬ 
nections and the number of wires re¬ 
quired for each cable. Note that wiring 
from the CN6 and CN5 terminals of the 
main analog/digital PCB goes to the 
CN4 and CN3 terminals of the control 
board respectively. The CN7 terminals 
of the main PCB go to the CN5 termi¬ 
nals of the control board. 

Cut each cable to length, strip back 
the insulation and twist the strands of 
each wire. 

You will need to gain access to the 
base of the PCBs before attempting to 
solder the wires in place. For the power 
supply and main PCB, the wires are in¬ 
serted into the PCB from the top of the 
PCB and soldered on the copper side. 
The control board wiring is done from 
the copper side of the PCB. For these 
the wire is inserted into the holes leav¬ 
ing sufficient stripped wire to allow sol¬ 
dering. Make sure that the polarity is 
correct for each cable. 


Reinstall the PCBs on the standoffs 
and screw the RCA sockets on the main 
analog/digital PCB to the rear panel 
using 4 x 8mm self tapping screws. 
Now the front panel can be secured to 
the front of the case with spacers. Care¬ 
fully place this in position, making sure 
that the switches and LEDs protrude 
through the holes. Check operation of 
the switches for binding and solder the 
LEDs in position. If necessary, the 
front panel may require slight reposi¬ 
tioning to free the switch operation. A 
square red bezel inserts into the infra¬ 
red detector hole position and is glued 
in place. 

Setting-up 

Initially, set all the preset pots to cen¬ 
tre position. Now connect up the mains 
supply. The green “off” indicator 
should light. Press the “on” switch and 
the red LED should light as well as the 
Tuner and Source selection LEDs. By 
pressing the other selections, the indica¬ 
tor LEDs above them should light. 

Pressing the balance, bass, treble and 
volume controls should cause the bar 


graph display to display in the dot 
mode. The level should progress up or 
down the display for the up or down 
pushbutton switches of each function. 

If any of these functions do not oper¬ 
ate, check the PCBs for faults such as 
incorrect component placement and wir¬ 
ing errors. Also check power supplies 
and trace through the circuit operation 
to locate the fault. Most faults are not 
due to faulty ICs since they are very 
rugged and reliable unless incorrectly 
connected to the power supply. Look 
for other problems before suspecting an 

Test the remote control unit to check 
that its controls all operate correctly. 

Calibration 

To calibrate the level set display, it 
will be necessary to have access to the 
VR1 trim pot on the control board by 
removing the front panel. Press the nor¬ 
mal switch and adjust VR1 until the dis¬ 
play has three LEDs lit. Now press a 
balance control switch to check that the 
red centre LED initially lights before 
the display moves off centre. Press the 
normal switch again and press the oppo¬ 
site balance switch. The centre LED 
should again light before the display 
moves off centre. If not readjust VR1. 

Setting up the analog control pre¬ 
sets from VR2 to VR5 requires a high 
impedance meter such as a digital mul¬ 
timeter. Press the volume up switch 
until maximum volume is obtained. This 
is when all the LEDs are extinguished 
while the switch is pressed. Now mea¬ 
sure the voltage on pin 12 of IC6 and 
adjust VR2 for a reading of 5V DC on 
the multimeter. 

Similarly, the balance, treble and bass 
controls should be set to a maximum on 
the level set display. The voltage at pin 
9 is set with VR3, pin 4 is set with VR4 
and pin 14 is set with VR5 respectively. 
These should all be set to 5V DC. 

Finally, replace the front panel and 
secure the top lid to the case. 

Testing 

The unit is now ready to be tested 
with your sound system. Connect a 
continued on page 126 


Where to buy the parts 

This infrared remote control preamplifier has been developed and pro¬ 
duced by the Research and Development Dept, at Dick Smith Electron¬ 
ics Pty Ltd. It is available as a kit of parts only and can be purchased 
by mail order or from your nearest Dick Smith Electronics store. The 
cost is $279 plus postage and packing charges where applicable. 
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Follow this diagram carefully when wiring up the PCB sub-assemblies. Caution: the power supply board carries mains 











































































Don’t let the boat sink. Build this 

Solar-powered 
bilge pump 


Keep the boat afloat when you’re not around 
with this automatic bilge pump. It’s easy to 
make and, best of all, it’s powered by sunlight. 

by COLIN DAWSON 


There were many innovative and useful 
circuit ideas submitted to our recent solar 
panel contest. One that struck us as being 
simple, useful and making good use of 
solar energy was an automatic bilge 
pump, suggested by Peter Holloway of 
Perth. We have adopted his idea and de¬ 
signed a low-cost circuit suitable for con¬ 
struction on a printed circuit board 
(PCB). 

The concept of “free” energy from the 
Sun is an inherently appealing one. Al¬ 
though it is not quite fair to refer to solar 
panels as free energy, since they have to 
be bought in the first place, they can be 
an attractive proposition when there is no 
easy access to mains power. 

In this project, a 12V solar panel is 
used to top up a battery so that it can 
power an automatic bilge pump. Without 
the panel, the battery could quickly go 
flat, particularly if the boat was leaky and 
the bilge pump cut in quite frequently. 
It’s obvious what would happen if the 
battery did go flat — the bilge pump 
would stop operating and the boat would 
eventually sink. 

Add a solar panel though, and the sce¬ 
nario changes completely. Even the quite 
modest power of 7W available from a 
cheap 12V panel is enough to cover a 
couple of hours pumping per day. The 
battery is still needed but, except where 
the boat is inundated, it will not discharge 
in the long term. 

Solar panels with a nominal output of 
12V are available from several compo¬ 
nent retailers. The price for a 700mA unit 
at the time of writing seems to average 
about $90 although Amtex has a higher 


power version which is more expensive. 
Although rated at a nominal 12V, most of 
them have an open circuit output of up to 
18V, depending on the light intensity. 

In practice, the battery itself will not 
allow the solar panel output to rise above 
about 14.5V. 

Naturally, an automatic bilge pump has 
to have some means of sensing the water 
level. We envisage that some sort of float 
and microswitch assembly will do the job 
in most cases. These level sensors are 
readily available from boating suppliers. 


However, the earth seeking input of 
our control circuit could easily be 
adapted to other sensors. It could, for ex¬ 
ample, be used with a moisture sensing 
element set up to detect either salt or 
fresh water, depending on your circum¬ 
stances (more about this later). 

Most boating suppliers will also be able 
to sell you a bilge pump. Our sample 
bilge pump from Amtex was rated at 12V 
DC 3.5A and is capable of pumping 
around 1800 litres (400 gallons) per hour. 

Time delay 

One important feature of the circuit is 
an inbuilt time delay. This holds the 
ump on for about 30 seconds after the 
oat microswitch opens and so stops the 
pump from continually cycling on and off 
as the boat moves on a swell. If the mi¬ 
croswitch then closes again inside the tim¬ 
ing interval as the boat moves about, the 
circuit simply retriggers for another 30s. 
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Only when there has been no new trigger 
for 30s will the circuit switch off. 

Note that, with particularly choppy 
sea, the pump inlet may be uncovered 
briefly. The same may happen for small 
boats which can be quickly emptied by 
the bilge pump. This is nothing to worry 
about however, as the pump motor is 
rated for continuous operation with or 
without water transfer. 

How it works 

Since every milliwatt counts with a low 
capacity source such as a solar panel, 
relay control of the motor was considered 
unsuitable due to the power wasted in the 
coil. Instead, we elected to use a MOS 
transistor to control the motor. This is a 
voltage controlled device and has negligi¬ 
ble gate current. 

It is also smaller and more compact 
than a relay and can be driven directly 
from a CMOS control IC. So use of a 
MOS transistor gives us a simpler, more 
compact circuit. 

Refer now to the circuit diagram 
(Fig.l). It’s really very simple. MOS tran¬ 
sistor Q1 (BUZ71) is connected in series 
with the pump motor and functions 
purely as a switch. When the transistor 
turns on, the pump turns on and vice 
versa. 

Q1 in turn is controlled by IC1 which is 
a 4011 CMOS quad NAND gate IC. This 
is about the cheapest CMOS IC going — 
around 60 cents seems to be average. 

The water level sensor is connected to 
pins 1 and 2 of ICla, which acts as a 
switch/detector. Its input is normally held 
high by the 10k resistor but is pulled low 
by the water level sensor. When this hap¬ 
pens, its output (pin 3) switches from low 
to high. 

When ICla’s output is high, D1 is for¬ 
ward biased and the lOOOuF capacitor 


quickly charges. In fact, the capacitor will 
be held in the fully charged state for as 
long as the high water condition exists. 

During this time, pin 4 of IClb is held 
low and thus the outputs of parallel 
buffer/inverter stages IClc and ICld are 
high. This high is coupled to the gate of 
Q1 (BUZ71) via a 56 ohm resistor. 

When its gate is held high, Q1 is on and 
thus the pump motor is also on. 

Normally, you would expect that a re¬ 
verse diode would be connected across 
Q1 to protect the transistor against volt¬ 
age spikes generated by the back EMF of 
the motor. This would certainly be the 
case if Q1 were a bipolar transistor, but 
the SIPMOS transistor has the diode con¬ 
nected internally. However, we do need 
to limit the drain to gate voltage and this 
job is performed by diode D2 and zener 
diode ZD1. 

When the water level subsequently 
drops below the critical level, the micro¬ 
switch (SI) opens and the pin 3 of ICla 
switches low. D1 is now reverse biased 
and so the lOOOuF capacitor begins dis¬ 
charging through Rt. 

After about 30 seconds, pin 4 of IClb 
switches high again and the outputs of 
IClc and ICld switch low. This turns off 
Q1 and the motor. 

Note that the 30s time delay can be 
easily altered by adjusting the value of 
Rt. Do not make the time delay too long 
though, otherwise the pump will continue 
to run after the bilge has been pumped 
dry. 

Power for the circuit is derived from a 
12V auxiliary battery and this is applied 
direct to the motor. A 27 ohm resistor 
and O.luF capacitor decouple the supply 
to IC1, while zener diode ZD2 limits the 
supply to 15V. While this primarily pro¬ 
vides protection against inductive kick- 
back from the motor, it also serves the 


secondary function of preventing the 
solar panel voltage from exceeding 15V. 
This could otherwise occur if the battery 
was disconnected. 

Finally, the solar panel is connected in 
parallel with the battery via diode D3. 
This diode prevents the solar panel from 
discharging when the output from the 
solar panel falls below the battery volt¬ 
age. 

Construction 

The circuit is built on a small PCB 
coded 86pcll and measuring 63 x 45mm. 


PARTS LIST 

1 PCB, code 86pc11,63 x 44mm 
1 8-way PC-mounting terminal 
block 

1 bilge pump (see text) 

1 solar panel (12V nominal) 

1 water level detector (see text) 

Semiconductors 

1 BUZ71 SIPMOS N-channel 
transistor 

2 1N4148 diode 

1 1N4001 diodes 
1 15V 1W zener diode 
1 20V 400mW diode 
1 4011 CMOS quad NAND gate 
Capacitors 

1 10OOuF PC-mounting 
electrolytic 

1 O.luF metallised polyester 
Resistors (0.25W, 5%) 

1 x 470k, 1 x 10k, 1 x 56 ohm, 1 x 
27 ohm 

Where to get the parts: the 
BUZ71 transistor is available 
from Jaycar or from Geoff Wood 
Electronics. An etched PCB can 
be obtained from RCS Radio Pty 
Ltd or from Acetronics PCBs. 
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Fig.2 shows where the parts are mounted 
on the board. In all, there are just 13 
components to be installed. The order is 
of no consequence although we suggest 
that the terminal block and the lOOOuF 
capacitor be left till last. 

Note that although the PCB has provi¬ 
sion for reverse polarity protection diode 
D3, some solar panels are supplied with a 
suitable diode mounted internally. If this 
is the case, D3 should be replaced by a 
wire link — there is no need for duplica¬ 
tion. In fact, if you include D3 in this 
situation, you’re wasting power. 

Once the PCB has been completed, it 
can be given a quick check before instal¬ 
lation in the boat. To do this, connect the 
battery and the motor by referring to 
Fig.2 and the underside of the PCB. Each 
of the slots for the terminal block is la¬ 
belled with a code; eg. “m-” and “m+”, 
meaning motor negative and motor posi¬ 
tive respectively. 

It’s then simply a matter of shorting the 
il and i2 terminals together. The motor 
should immediately switch on and con¬ 
tinue running for approximately 30s after 
the short is removed. 


Installation 

The circuit should be mounted in a 
sealed box to protect it from moisture, 
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View of the assembled PCB. It should be installed in a waterproof box. 


especially if the boat is operating in salt 
water. Since the PCB is so small, any one 
of a number of standard project boxes 
would be suitable. In fact, the smallest 
zippy box would be ideal and this should 
be waterproofed using a silicone weather 
sealant. 

Since each boat will present a different 
case for detecting the water level, we 
have left this to the constructor’s discre¬ 
tion. A float and mercury switch arrange¬ 
ment would probably be the most reli¬ 
able. The float, however, would have to 
be quite small for a small V-bottom boat. 

As an alternative to the mechanical 
system, a moisture detector could be used 
as stated previously. In the simplest case, 
this would amount to mounting two 
probes near each other (at a low point in 
the hull), with one connected to il and 
the other connected to i2. Salt water 
flowing over the probes would create a 
low resistance path between them, trig¬ 
gering the circuit. 

For fresh water, the 10k pullup resistor 
may have to be changed to a higher value 
to ensure reliable triggering. 

Using the above method would un¬ 
doubtedly be successful in the short term, 
but deposits (especially salt) may lead to 
false triggering. A more serious limita¬ 
tion is that if this system was set up for 
salt water, it may not trigger in fresh 
water. The boat could be at risk during 
periods of heavy rain. 

Irrespective of the water detector used, 
make sure that the circuit does not trigger 
the pump for an unrealistically low level 
of water. Instead, the detector should be 
arranged so that the pump turns on at a 
preset level and just manages to pump 
the water down to the inlet. © 



Fig.2: parts layout for the PCB. External 
connections are via an 8-way terminal block. 



Here is an actual-size PCB artwork. 
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THEN WE BUILT IT. 

The BETACOM UNIRAC has been designed and 
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systems throughout the world. 
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BETACOM UNIRAC sub-racks to be assembled to a 
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An introduction to hifi Pt.9 


Digital technology 

Procedures, equipment, 
terminology 


Having discussed the background and the broad principles of 
digital audio recording and playback, we look now at the 
procedures and equipment commonly involved and explain 
some of the relevant terminology — including unfamiliar words 
like “foldover”, “aliasing”, “granulation noise and “dither”! 

by NEVILLE WILLIAMS 


As a first reaction, it might be as¬ 
sumed that the prospect of digital 
recording would not affect normal ana¬ 
log signal source arrangements involving 
the performance and acoustics, the 
type, number and placement of micro¬ 
phones, cabling and preamplifiers, sig¬ 
nal control and mixing. 

In fact, the exceptional acoustic 
“transparency” of digital recording and 
replay systems — the result of very low 
inherent noise and distortion — tends to 
expose subtle production faults which 
have hitherto been masked by the limi¬ 
tations of traditional analog signal 
sources and methods. 

As a result, conductors, producers 


and recording engineers have become 
more sensitive to the intrinsic sound of 
the orchestra, and to the modifying ef¬ 
fects of acoustics, microphone tech¬ 
niques, panel processing, equipment 
quality, &c. Considerable efforts have 
thus been made to upgrade the analog 
equipment in which the multi-channel 
signals exist prior to digital encoding. 

Supersonic filtering 

Immediately before the sampling pro¬ 
cess (Fig.l) the analog signals pass 
through low-pass filters to remove fre¬ 
quency components beyond the nomi¬ 
nated 20kHz passband. The reason for 
so doing is reminiscent of the “fold- 


over” effect, often encountered in con¬ 
ventional analog tape recorders. 

In analog tape equipment, if one 
records and replays a gliding tone sig¬ 
nal, passing through and beyond the 
system high-frequency cut-off, hetero¬ 
dyne whistles may be heard in the back¬ 
ground, diminishing in frequency as the 
gliding tone moves upwards. They result 
from beats between harmonics of the 
input signal and the recording bias. 

The effect is not directly apparent 
with normal program input, but spuri¬ 
ous intermodulation products must 
inevitably be present in such recorders. 

In the case of digital recording, a dif¬ 
ferent set of circumstances can give rise 
to a similar effect. 

As pointed out in the last article, sig¬ 
nal sampling is valid only for frequen¬ 
cies of less than half the sampling rate. 
For this reason, digital systems intended 
for signal frequencies up to 20kHz in¬ 
variably use a sampling rate in excess of 
40kHz. 

If signal components greater than half 



Fig.l: Depicting in block schematic form the signal chain for a digital recording system. In a full-scale studio recorder, sockets on the 
rear panel accept multiple balanced analog inputs from the central console, all subsequent Filtering and processing being an integral pari 
of the recorder. 
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the sampling frequency are fed into 
such a system, their sampled resultants 
will be invalid and liable to be wrongly 
decoded as spurious signals, including 
difference frequencies between the sam¬ 
pling rate and its harmonics, and the 
inadmissable components. 

While such “alias” (wrongly identi¬ 
fied) components may be very small, 
they are nevertheless unacceptable in 
the clinically clean environment of a 
digital recording. Hence the need for 
sharp cut-off “anti-aliasing” filters in 
the analog signal output circuits. 

An ideal top-cut (or low pass) filter 
would exhibit a vertical “brick wall” 
characteristic, with no phasing or ripple 
effects on the frequencies which it 
passes and no trace of those which it re¬ 
jects. Practical analog filters fall short of 
the ideal, however, providing grounds 
for abstract argument by: 

• “Golden-eared” hifi buffs who pro¬ 
fess to hear filter effects inaudible to 
others, and 

• Engineers who debate filter theory in 
terms which no one else can compre¬ 
hend! 

Sample and hold 

The digitisation process which follows 
(Fig.l) is often dismissed, rather sum¬ 
marily, as simply involving the acquisi¬ 
tion of instantaneous samples of the in¬ 
coming analog signal — one sample 
every 25/i.s or so. It is not always ap¬ 
preciated that, during that period, a 
20kHz signal would pass through a com¬ 
plete half-cycle, rendering it meaningless 
to feed such a waveform directly to a 
quantisation circuit. 

The job of acquiring a more valid 
“instantaneous” sample falls to “sample 
and hold” (S/H) circuitry, which sam¬ 
ples the incoming waveform in some¬ 
thing less than 5ju,s (the acquisition 
time) and holds the determined value 
until the A/D (analog to digital) con¬ 
verter has matched it to the closest in¬ 
crement in the quantisation ladder. 

Essentially, an S/H involves a small 
capacitor which is electronically 
switched, by “sample” commands, to a 
buffered signal source long enough for 
it to acquire a charge equal to the in¬ 
stantaneous value of the signal. This is 
then fed to the A/D converter input to 
permit the acquired signal value to be 
quantised. 

The basic principle is simple enough; 
the essence of an effective design lies in 
achieving the fastest possible response 
to the clock “sample” command, the 
shortest possible acquisition time, and 
the minimum “droop” or loss of ac- 



Fig.2: A sample and hold circuit must sam¬ 
ple the instantaneous amplitude of an ana¬ 
log signal in the shortest possible time and 
hold it, with a minimum of droop, for the 
value to be quantised by the A/D convert¬ 
er. 

quired charge during the “hold” period. 

(Fig-2). 

Conceptually, a sample and hold cir¬ 
cuit transforms an analog signal into 
unambiguous, readily measurable steps. 
It remains for the actual A/D converter 
to relate those steps to discrete voltage 
increments identifiable by digital words. 

Analog-to-digital 

A-D conversion is a highly specialised 
procedure, the finer details of which are 
frequently secreted within the intricacies 
of dedicated LSIs (large scale integrated 
circuits). Most, however, operate on 
one of two basic principles, the first 
thing being referred to as SAR (succes¬ 
sive approximation register), an ultra 
high-speed variant of the old “pick a 
number” routine. 

Presented with each new sample, a 
SAR converter first compares it with 
the MSB — the most significant bit, rep¬ 
resenting the largest increments in the 
reference stack — and decides if the 
MSB is “too big” or “too small”. If too 
big, the MSB is rejected and the left- 
hand digit of the 16-bit output word is 
set to “0”. If too small, the MSB is re¬ 
tained and the left-hand digit set to “1”. 

The SAR then tries the next signifi¬ 
cant bit, rejecting it or adding it to the 
first as necessary and setting the equiva¬ 
lent digit accordingly. So the process 
continues through to the LSB (least sig¬ 
nificant bit) to optimise the match and 
complete the 16-bit word. 

The main alternative design approach 
involves the integrating principle where, 
on receipt of each new sample, a preci¬ 
sion capacitor begins to charge at a 
predetermined rate from a constant cur¬ 
rent source. 

A crystal controlled “clock” circuit 


registers the time it takes for the charge 
to equal the sample signal; it then pro¬ 
duces an output reading in binary nota¬ 
tion, not as so many microseconds, but 
in terms of the voltage level that the 
charge would have attained in the 
elapsed time, thus providing the output 
word. 

Practical integrating type converters 
use two charging circuits (described as 
“dual-slope” or fine and coarse 
“ramps”) each of which outputs 8 bits 
of the quantising word. The two are 
merged to provide the full 16-bit word 
for each sample. 

Both SAR and integrating type A-D 
converters are capable of meeting pre¬ 
sent day needs. Linearity is very good, 
as indicated by the very low harmonic 
and intermodulation distortion levels ex¬ 
hibited by virtually all current digital 
equipment. 

But what is dither? 

Digital systems have been open to 
considerable debate concerning their 
behaviour when encoding very small sig¬ 
nals — especially those which approxi¬ 
mate the amplitude of the least signifi¬ 
cant bit. 

We can postulate that, in a noise-free 
channel, a signal of that magnitude may 
be treated, somewhat randomly, in vari¬ 
ous ways: 

(1) It may fall below the quantising 
threshold and be ignored; 

(2) It may repeatedly cross the quantis¬ 
ing threshold and be encoded as if 
it was actually a low level square- 
wave signal. 

You can argue that, in practical situa¬ 
tions, the fate of signals in the -95dB 
region is academic. On the other hand, 
critics insist that what happens to very 
small signals is indicative of a wider 
problem: one that, in their judgement, 
produces a “gritty” sound, sometimes 
referred to as a “granulation” effect or 
“granulation noise”. 

Fortunately, there is a simple and al¬ 
most automatic way around such prob¬ 
lems: the addition to the original analog 
signal of a very small amount of broad¬ 
band noise — described as “dither” — 
not simply to mask the quantising errors 
but, as it transpires, to correct them! 

A case can be made for a noise com¬ 
ponent (or dither) of a particular type 
but, in practice, ordinary analog 
“white” noise is adequate. 

The effect of dither 

With dither present, the quantising 
errors, responsible for the above prob¬ 
lems, are no longer a simple artefact of 
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the original signal and the quantising 
process. Errors which would be predict¬ 
able and cumulative with a smooth 
input waveform are “randomised” when 
the waveform is carrying a band of 
white noise. 

The resulting — and similarly rando¬ 
mised — binary quantisation words no 
longer specify to the decoder predict¬ 
able, stepped waveshapes with well de¬ 
fined harmonics and intermodulation 
products; instead, they specify some¬ 
thing much less angular — more like 
the original signal, carrying a quota of 
broadband noise. 

The role of dither is difficult to illus¬ 
trate graphically but Figs.3 and 4, 
reproduced from EA for July 1984, 
show the dramatic effect, at low signal 
levels, of adding white noise equal to 
one third of a quantising increment. 
Harmonic distortion (Fig.3) and inter¬ 
modulation (Fig.4) subside into the 
broadband noise at about -27dB rela¬ 
tive to the already small signal. 

The diagrams come originally from a 
paper presented to the Canadian AES, 
in 1982, by J.B. Vanderkooy and S.P. 
Lipshitz. The authors go on to say: 
“With sufficient dither, a digital system 
loses all its digital artefacts.” 

They further suggest that, whereas 
early and less pretentious 12-bit and 14- 
bit systems commonly needed added 
dither, the increments in a 16-bit system 
are so small that natural analog noise 
ahead of the A/D converter is usually 


sufficient to provide adequate dithering. 
Hence our earlier reference to the way 
around the problem being “almost auto¬ 
matic”. 

At the same time, it is not something 
that should be left to chance, which is 
why a dither source is shown in Fig.l 
feeding into the analog system. 

Contrary to what you might expect, 
the addition of dither does not restrict 
the dynamic range. In effect, optimum 
dither adds an analog-like “noise floor” 
below the LSB in which signals can still 
be subjectively discerned. 

Formatting the data 

While the binary output from an A/D 
converter can be handled conveniently 
enough with logic (computer style) cir¬ 
cuit modules, it is not really suitable for 
storage, recording or transmission in 
that form. 

For one thing, the 16 bits comprising 
each binary word appear simultaneously 
as a “parallel” output from the A/D 
converter; they need to be reorganised 
into “serial” format — one bit at a time 
in the desired sequence. 

Furthermore, to obviate ambiguity 
during playback, a synchronising code 
in the form of a unique bit group must 
be inserted into the serial data stream, 
to identify the beginning of each new 
word and word group. (Synchronising 
code in a data stream has been likened 
to punctuation marks in printed text). 

As well, check codes and parity bits 


are added and the data is “interleaved” 
or dispersed in the data stream to facili¬ 
tate error detection and correction dur¬ 
ing playback. More on this later. 

In studio situations involving multiple 
microphones and multi-channel record¬ 
ers, the data streams for individual 
channels are kept separate, for record¬ 
ing in individual tape channels. One or 
more supplementary information chan¬ 
nels may carry timing signals, “address” 
cues, &c, to facilitate crystal locked 
playback, along with computer con¬ 
trolled editing, mix-down and dubbing. 

If two-channel “stereo” information 
needs to be merged into a single chan¬ 
nel for recording (or transmission), nor¬ 
mal practice is to employ time-multi¬ 
plexing, with formatted bit packages 
from each channel recorded or transmit¬ 
ted in sequence for later separation and 
decoding. Time-multiplexing doubles 
the bit rate, however, and is only practi¬ 
cal where the recording or transmission 
system can accommodate the extra 
bandwidth. 

Modulation codes 

Conceptually a data stream is a se¬ 
quence of on-off states, ie, a rectangular 
waveform. 

In the course of recording or trans¬ 
mission, however, the neat, rectangular 
waveforms may be degraded so that 
up/down transitions between the two 
states become a more reliable feature of 
the data stream, and the basis on which 
the original pulses can ultimately be 
reconstituted. 

For this reason most digital systems 



Fig.3: In quantising very low level, noise-free signals, the harmonic 
distortion can be very high. With dither (lower diagram) it sub¬ 
sides into the noise at about -27dB below the already tiny signal. 



Fig.4: The prominent spiky pattern shows intermodulation prod¬ 
ucts when two low-level signals are quantised. With dither, th< 
spikes also become part of the noise at about -27dB below the 
small signal level. 
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employ so-called “modulation codes”, 
which place emphasis on the transitions 
rather than the states, to take best ad¬ 
vantage of the bandwidth available. The 
data stream is modified (or modulated) 
in accordance with the selected code for 
recording or transmission and, upon re¬ 
play or reception, demodulated and 
reconstituted. 

Without seeking to discuss the various 
codes, it may be helpful to list certain 
ones so that the terms will at least be 
recognised. 

NRZ — Non-return to zero. 

NRZI — Non-return to zero inverted. 
MFM — Modified frequency modula¬ 
tion. 

EFM — Eight-to-fourteen modulation. 
HDM-1 — Used in modem studio re¬ 
corders. 

Correction codes 

While two-state digital information is 
“robust” by nature and substantially 
free from limitations of the analog kind, 
there is always the possibility that some 
of the densely packed data bits or 
groups of bits will be lost due to flaws 
in the recording medium: eg. coating 
drop-outs or minute surface particles in 
the case of tape; scratches or other sur¬ 
face defects in the case of compact 
discs. 

To forestall such problems, and the 
resulting “clicks” and “plops”, digital 
systems normally include provision for 
correcting or concealing aberrations 
during playback — something that has 
not been practical in analog technology. 
The effectiveness of such measures con¬ 
tributes in no small degree to the noise- 
free qualities of digital recordings. 

Error correction involves a number of 
simultaneous measures including parity 
bits, coding, interleaving, interpolation 
and muting. 

Parity and interleaving 

By making provision for extra non¬ 
data (“redundant”) bits in the data 
stream it is possible to provide an indi¬ 
cation of the accuracy of binary words 
recovered from the tape. 

By increasing redundancy (more 
check bits) and by more ambitious pro¬ 
cessing, it becomes possible both to 
dentify and correct most bit errors. 

A further measure involves “inter- 
eaving” or dispersing individual data 
fits or words in a structured way, so 
hat their sequence in the data stream is 
adically changed. 

If a “burst” error then creates a 
najor fault in the data stream, the af- 
ected bits, after de-interleaving — or 


re-distribution — become scattered 
small errors, subject to individual cor¬ 
rection by parity checks, &c. 

Using principles such as these, engi¬ 
neers have come up with a range of 
error correction codes such as CIRC 
(Cross-interleave Reed-Solomon) code, 
used for compact discs. 

Interpolation, muting 

If a “burst” error is of such magni¬ 
tude that, at best, it is not correctable, 
the logic circuitry operates to give the 
missing signal amplitude words interpo¬ 
lated values derived from adjacent valid 
words. 

If interpolation cannot conceal a 
particularly serious fault, a digital mut¬ 
ing circuit cycles the suspect word group 
through zero amplitude, effectively 
transforming a click or a plop into brief 
and hopefully unobtrusive silence. 

In practical situations, the muting cir¬ 
cuit is very much a last resort. In com¬ 
pact discs, for example, elaborate CIRC 
encoding can correct burst errors involv¬ 
ing up to 4000 bits (2.5mm of track 
length). This is extended to 12,300 bits 
(7.7mm of track) by adjacent sample in¬ 
terpolation! (In practice though, no CD 
player will track a disc with such a sur¬ 
face defect). 

Data packing density 

While the above figures indicate the 
effectiveness of digital error correction 
measures, they also highlight the pack¬ 
ing density of digital audio data — of 
the order of 1500 bits per millimetre — 
a figure which is valid for both optical 
and magnetic media. 

In terms of frequency bandwidth, and 
allowing for the bit-rate economy of 
“modulation” systems referred to ear¬ 
lier, high quality digital recording re¬ 
quires many times the bandwidth of an 
analog system, for a given audio re¬ 
sponse — typically Megahertz. 

This presents no great difficulty with 
compact disc because, in the first in¬ 
stance, laser optical technology was de¬ 
veloped for video recording. Much the 
same is true of tape systems using video 
style helical scanning. 

However, for stationery head multi¬ 
channel linear recorders, normally pre¬ 
ferred for functional reasons in studio 
situations, a quantum jump in tape, 
head and circuit technology has been 
necessary. 

To ensure intimate contact with head 
gaps, for the best possible transfer of 
densely packed data, digital tape uses a 
base film little more than half the thick¬ 
ness of ordinary analog tape. This is 


possible because residual cross-talk, due 
to print-through, is normally rejected by 
a digital system. 

The coating too, is different, com¬ 
monly a cobalt modified gamma ferric 
formulation, with a coercivity level of 
between 700 and 1000 Oersteds and 
able to retain a “robust”, saturated 
pulse pattern. 

While the particles must still be 
needle shaped and positioned length¬ 
wise along the tape, for the normal 
magnetising format, they must be of the 
smallest practical dimensions and ap¬ 
plied in a thin but dense coating to 
minimise demagnetisation and the loss 
of high frequency signal components. 

As to magnetic heads, the “thin film” 
concept, with the essential elements 
printed on substrate, seems set to take 
over from the conventionally assembled 
variety. Also in view is “perpendicular” 
recording, with super-fine particles posi¬ 
tioned vertically in the coating and of¬ 
fering a dramatic potential increase in 
particle — and bit — density. 

Practical recorders 

The latest generation of stationary 
head recorders uses the so-called 
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An introduction to hifi 


“DASH” (Digital Audio Stationary 
Head) format, the Sony PCM-3324, pic¬ 
tured in the last chapter, being an ex¬ 
ample. 

The subject of an agreement between 
major professional recording equipment 
manufacturers, the DASH format estab¬ 
lishes standards for new and develop¬ 
mental professional digital recorders 
from 2-track to an ultimate 48-track, 
using either 12.7 or 6.35mm tape. 

An interesting aspect of the DASH 
format is that, in certain configurations, 
it provides for the use of one, two or 
four separate tracks to record individual 
audio channels. Each track has its own 
extensive error correction but the use of 
multiple tracks makes it possible for the 
playback circuitry to momentarily dis¬ 
card a signal which exhibits an uncor- 
rectable burst error. 


So to playback 

The steps necessary to reproduce the 
original analog signals are as indicated 
in Fig.5, which shows three audio chan¬ 
nels only. 

Digital signals recovered from the 
tape are by no means copybook rectan¬ 
gular waveforms but this is of little con¬ 
cern. As long as the signal contains 
unambiguous up-down transitions, it is 
possible to readily reconstitute the 
pulses, as originally recorded, without 
loss of information. 

Following preamplification and wave¬ 
form re-shaping, the data streams are 
fed to demodulators which reverse the 
original modulation and rearrange the 
data into its wider-band pre-taping for¬ 
mat. 

At this point, timing signals derived 
from the tape are fed to a tape drive 
servo control system, along with refer¬ 



Fig.5: Illustrating the signal processing sequence involved in recovering the original analog signals, again an integral part of a multi-char 
nel digital studio recorder or, for that matter, of a domestic compact disc player. 
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ence pulses from an inbuilt crystal 
clock. The servo system holds the cap¬ 
stan at the precise speed necessary to 
maintain synchronisation. 

At the same time, the data stream is 
processed to sort out other information 
signals, the basic data and the parity 
bits, and to give effect to error correc¬ 
tion procedures. If the data stream has 
been time-multiplexed to accommodate 
left/right stereo signals, these are sepa¬ 
rated and time synchronised by passing 
the leading signal through a delay line. 

At this juncture, the recovered binary 
words could conceivably be processed 
into analog but with the possibility that 
they would introduce timing errors — 
hence flutter — due to slight “hunting” 
or jitter from the tape servo control sys¬ 
tem. 

To forestall this possibility, word bits 
for the respective channels are fed into 
memory banks, maintained about half¬ 
full by the servo system. They are 
“clocked” out by crystal-derived timing 
pulses, independently of the input feed. 
Wow and flutter is thereby eliminated, 
being typically specified as “unmeasura¬ 
ble”. 


Back to analog 

As part of the D-A (digital to analog 
conversion) procedure, the serial data 
streams must again be converted to the 
required parallel format and then fed to 
the D-A converter. 


Output filtering 

An effective low-pass filter, set at or 
below half the sampling frequency is an 
essential feature of a digital system, 
frequency components are to be re¬ 
moved which represent the difference 
between a “staircase” waveform from 
the D-A converter and a“smooth” ana¬ 
log signal. 

Once again, a vertical “brickwall” fil¬ 
ter, free of phasing effects, would be 
ideal — if it could be achieved. In gen¬ 
eral, practical output filters represent a 
compromise that offers adequate high 
frequency attenuation, with tolerable 
phasing effects in the passband. 

More ambitious designs use digital fil¬ 
tering to discriminate against the high 
frequency components while they are 
still in digital form, thereby reducinj 
the reliance on the analog filter. ® 
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What’s new in 

display 

technology? 


Display technology is growing rapidly as 
t becomes 


electronic equipment becomes more and 
more complex. In this article we review the 
six major display technologies presently in 
use and cover recent developments. 


by LEO SIMPSON 


In October last year we presented a 
major article on the subject of liquid crys¬ 
tal displays. This time around we shall 
look at the major display devices pre¬ 
sently in use. In addition to LCDs, they 
include light emitting diodes (LEDs), 
vacuum fluorescent displays (VFDs), 
plasma discharge displays, electrolumi¬ 
nescent displays and cathode ray tubes 
(CRTs). 

All these devices can be and are used 
as information displays for computers or 
for dedicated microprocessors in home 
and business equipment such as micro- 
wave ovens, VCRs and hifi equipment, 
photocopiers and facsimile machines, 
electronic tellers, ticket machines, drink 
dispensers, petrol pumps and so on. It 
seems as though just about every piece of 
electronic equipment these days has some 
sort of digital, alphanumeric or dot ma¬ 
trix display. 

The reason why these displays have be¬ 
come virtually mandatory is that equip¬ 
ment is becoming more complex and so 
needs to give the user more information 
on how it is functioning. At the same 
time, as dedicated microprocessors in all 
this equipment continue to become 
cheaper and yet ever more powerful, it is 
becoming much easier to incorporate 
fancy displays. 

In personal computers, there is a drive 
to produce terminal displays which have 


more brightness, greater legibility and 
higher resolution for text and graphics 
images. At the same time, there is a con¬ 
tinual search to reduce the overall bulk 
and weight of the visual display unit and 
to lower its power consumption. 

Light emitting diodes 

Discounting early display devices such 
as numerical indicator tubes and cathode 
ray tubes, the light emitting diode was the 
first to be widely used in information dis¬ 
plays. They were first introduced as sin¬ 
gle light emitting diodes but then became 
more specialised as they were incorpo¬ 
rated into seven- segment displays and 
bar graph displays. 

In these applications, LED displays 
have the advantage of being attractive, 
highly visible and legible in all light 
conditions except bright sunlight, easily 
driven by low voltage solid state circuitry 
and available in a range of colours such as 
red, orange, green, yellow and yellow/ 
green. 

For single lamp devices, all the above 


colours are available plus two-colour 
units (which incorporate two separate 
LEDs) and just recently, Siemens have 
introduced blue LEDs. 

LEDs are available in a wide range of 
packages including surface mount. As 
well there are two broad categories which 
most manufacturers produce: standard 
and high-brightness or high efficiency. 
The latter types can be very bright, with 
light outputs up to as much as one cande¬ 
la. They can be used in two ways: first to 
obtain a very bright display and second, 
to obtain adequate brightness at very low 
operating currents of only a few mil- 
liamps. 

As well as producing a wide range oi 
single LEDs, seven segment LED dis¬ 
plays and alphanumeric displays, several 
manufacturers have a range of LED bar- 
graphs and LED-illuminated legem' 
panels. 


Multiplex drive 

While single LEDs, bar graphs and leg¬ 
ends can be driven with simple circuitry, 
it is not simple for seven segment displays 
and alphanumeric displays. Since these 
are generally used in arrays of four de¬ 
vices or more (as on clock and frequency 
displays on many appliances), it is cus¬ 
tomary to use a multiplex system of drive. 

In the multiplex method of connection 
all the respective segments in the display: 
are connected together, so that for a foui 



This moving text display uses 
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digit display there are seven segment 
lines and four cathode lines (assuming 
that they are common cathode displays). 
Thus there are only eleven lines needed 
to drive the display rather than the 32 
lines which would be needed if each digit 
was separately driven. 

The method of multiplex drive is as fol¬ 
lows: Each cathode line is turned on 
separately and when it is energised, the 
respective segments for that digit are also 
turned on to illuminate them. The pro¬ 
cess means that each digit is turned on se¬ 
quentially very briefly, at a rate of about 
3000 times a second. If you were to slow 
the process down, the digits would each 
light sequentially with a duty cycle of ap¬ 
proximately 25% (ie, each digit is on 25% 
of the time). 

As well as saving on connection lines, 
multiplex drive of LED displays also re¬ 
sults in a brighter-looking display for a 
given current consumption (compared to 
direct drive). 

Alphanumeric displays are very similar 
to seven-segment displays except that the 
former have more segments so that they 
can show all letters of the alphabet as well 
as numerals from 0 to 9. They can be mul¬ 
tiplexed in a similar way. 

A step up in complexity is brought 
about by dot matrix displays which can 
display all ASCII characters in a matrix 
of LEDS consisting of five columns and 
seven rows. Again, these are multiplexed 
as direct drive would be impractical. 

On an even larger scale there are the 
moving text displays used in theatres, re¬ 
tail stores and clubs. These may be sev¬ 
eral metres long and employ thousands of 
high brightness LEDs. The displays are 
driven by a small computer which may be 
programmed by a detachable keyboard. 
The most “intelligent” of these displays 
can even show company logos such as 
those for Ford and Coca-Cola. 



Light emitting diodes (LEDs) come in various shapes, sizes and colours and are also available 
as surface mount packages. 


Advantages and 
disadvantages of LEDs 

The advantages of LED displays are 
self-evident. They are bright, easily read 
and available in a number of different co¬ 
lours, as outlined above. Their disadvan¬ 
tage is that they consume relatively large 
amounts of current. Hence they are not 
suitable for very complex displays such as 
the now standard personal computer 80 
column by 25 rows of ASCII text. Such 
displays are actually large dot matrix ar¬ 
rays with 200 rows and 640 columns or a 
total of 128,000 picture elements. Clear¬ 
ly, such a large display would be impracti¬ 
cal. This is why liquid crystal, plasma and 
electroluminescent technology has come 
so far. 
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Fig. 1: The twisted nematic effect in an LCD structure with the electric field on and off. 
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What’s new in display technology 



This graphic type plasma display from Oki runs off DC power. 


Vacuum fluorescent 
displays 

After LED displays, vacuum fluores¬ 
cent displays are probably the most popu¬ 
lar type. They are and have been used in 
countless digital clocks, VCRs, AM/FM 
tuners, microwave ovens and so on. In 
these cases they are typically four digit al¬ 
phanumeric or seven-segment displays 
coupled with annunciators (ie, illumi¬ 
nated legends) to indicate various modes 
of the particular appliance. 

The big reason why they have been so 
universally popular is that they are so at¬ 
tractive with their soft blue or blue-green 
lighting. They are actually based on a 
very old technology, being similar to that 
used in the much-loved “magic-eye” tun¬ 


ing indicator used in old valve radios and 
to some extent as a level indicator in early 
tape recorders. 

As such, the vacuum fluorescent tech¬ 
nology is based on the thermionic tube 
and in particular, on the directly heated 
triode. The typical display has a filament 
which is in the form of a mesh across the 
inside of the front glass. Then there are 
grid lines, one for each display segment 
or element and finally, the anode lines 
which actually are fluorescent material 
deposited on the inside of the back panel 
of the display. 

The filaments are heated by passing 
current through them and so they emii 
electrons. The electrons are acceleratec 
to the anodes depending on whether the 
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associated grids are slightly positive, to 
enable electron flow, or negative, to stop 
current flow. 

Such vacuum fluorescent displays re¬ 
quire an anode supply of around 135 volts 
DC as well as a filament supply. The 
driver circuitry need not supply any cur¬ 
rent though, since it is used to control the 
grid lines. Again, the multiplex drive 
method is used to reduce thd number of 
connections. 

Recently, the Japanese manufacturer 
Futaba has developed a high resolution 
vacuum fluorescent display module which 
will be able to compete directly with large 
LCD and plasma displays. The new VFD 
module has 640 x 400 dots with a dot 
pitch of 0.28 x 0.28mm. The panel comes 
with a 32-bit control board which con¬ 
verts standard RGB signals intended for 
a video monitor into the drive signals for 
the display. 

Liquid crystal displays 

By far the most efficient display tech¬ 
nology is the liquid crystal display. It uses 
far less current than any other display 
technology and only requires a few volts 
drive. A comprehensive report on liquid 
crystal displays was featured in the Octo¬ 
ber 1985 issue of EA but for those who 
did not see that article, we will give a 
brief summary here. 

Liquid crystal displays (LCDs) first 
made their appearance in watches and 
calculators but now the list of applica¬ 
tions has expanded to embrace virtually 
every electronic device that has a read¬ 
out. Unlike all other displays, LCDs are 
passive. They do not emit light them¬ 
selves but modify incident light which 
may be scattered, reflected or transmit¬ 
ted by the display. 

In a typical LCD , the liquid crystal (an 
organic fluid which can exist in a “meso- 
phase”) occupies the space between two 
parallel glass plates which are separated 



by a distance of just a few microns. The 
inner surfaces of these glass plates have 
transparent electrodes which define the 
characters to be displayed. The electrode 
surfaces are treated to induce the long 
molecules of the LCD fluid to align in 
one direction, parallel to the plates. 

This is how the common LCD descrip¬ 
tion, “twisted nematic” arises. Nematic 
means thread-like and so twisted nematic 
LCDs have the induced direction of the 
front and back plates at right angles to 
each other. Hence, the liquid crystal 
structure is twisted through 90 degrees 
from the back plate to the front plate. 
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Multiplexing 

A comparatively recent development 
in LCD technology is the use of multiplex 
drive. At first all LCDs were directly 
driven but for large complex LCDs as 
used for personal computer screens this is 
impractical, as it is with any other large 
display. The catch with LCDs is that mul¬ 
tiplexing reduces the contrast and legibil¬ 
ity of the display and it gets worse as the 
multiplex drive ratio (ie, the duty cycle) 
increases. For the most complex 640 x 
400 pixel (picture element) displays, the 
multiplex ratio can be as high as 100:1 
and the contrast ratio may be less than 
3:1 which means that it can be almost un¬ 
readable under anything but ideal condi¬ 
tions. 

During the last year, the manufacturers 
have improved this aspect of LCDs with 
the introduction of the super-twist dis¬ 
play. This is a variation on the twisted 
nematic display whereby the crystalline 
helix is rotated through 270 degrees in¬ 
stead of 90 degrees. The resulting dis¬ 
plays are certainly more legible under a 
wider range of lighting conditions but 
they still have a considerable way to go 
before they can really compete with the 
CRT (cathode ray tube) for a video dis¬ 
play. 

Plasma displays 

Apart from display contrast, the big 
problem with LCD screens is the re¬ 
stricted viewing angle. Move just slightly 
off- axis to the display and its overall vis^ 
ibility diminishes drastically. This is the 
reason that plasma displays are becoming 
more widespread even though they are 
more expensive than CRTs or LCDs. 

Interestingly, the plasma display is an¬ 
other example of an old technology 
dressed up in a new form. In fact, the 
plasma display is a very refined version of 
the gas discharge or neon tube. Each dot 
in a plasma display can be likened to a 
neon tube. It has an anode and a cathode 
with a gas in between at low pressure. 
This gas is a mixture of neon and a small 
amount of argon or xenon. A high volt- 
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grees. This allows it to pass through the 
rear polarising filter, be reflected from 
the rear mirror coating and back out the 
front. Hence, where no voltage is ap¬ 
plied, the display appears silvery grey. 

The above description applies to the 
most common LCD, the twisted nematic 
reflective type. Variations on the use of 
polarising filters and mirror coating allow 
other modes to be used such as transmis¬ 
sive (used with back-lighting) and trans- 
flective which is a compromise allowing 
both reflective and backlit modes. 

Colours can also be added to LCDs ei¬ 
ther by the use of colour-selective polaris¬ 
ing filters, coloured filters, coloured 
back-lighting or dichroic dyes in the 
liquid itself. The last named are known as 
guest-host displays and are capable of 
brilliant colours. 


An EL graphics panel from Sharp. 


Now, and this is crucial to the whole pro¬ 
cess, if a voltage is applied between the 
two plates, the crystal struture of the liq¬ 
uid is broken as the long molecules align 
themselves parallel to the electric field. 

Also crucial to the operation of LCDs 
are the polarising filters which are usually 
fitted over the front and back plates. 
These filters are also arranged at 90 de¬ 
grees so that no light can pass through 
them. Hence, when voltage is applied be¬ 
tween the plates, light passes through the 
front polarising filter, through the aligned 
liquid crystals and thence the rear polaris¬ 
ing filter where it is absorbed. 

When no voltage is applied, light 
passes through the front polarising filter, 
then through the helix crystalline struc¬ 
ture of the liquid thereby having its 
planer of polarisation rotated by 90 de¬ 




Above are two LCD modules from Oki. 
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for example, makes it possible for us to 
produce 74HC (CMOS input levels) or 
74HCT (LSTTL input levels) with a 
single mask change. So the type 
range is available in both versions. 


Need samples or data? Then call 
your nearest Philips Electronic Components 
and Materials office. We’re ready with full 
technical support and documentation. Plus 
a User Guide, set to become the standard 
for designing with HCMOS. 
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Save board space. Our SO-versions are up to 65% 
smaller than comparable DILs, and are up to 10 
times lighter. 


reliability (5 FITS). Noise immunity 
critical? Then think about 74HC. 

Space and cost conscious? Then use 
SO-versions and benefit from Surface- 
Mounted Device (SMD) technology. 

At Philips, we know about CMOS. 
Ten years as European leader with the 


Philips Electronic Components Sydney 
and Materials Melbourne 

11 Waltham Street, Adelaide 

Artarmon, N.S.W. 2064 Perth 

Telex AA20165 AUSLCEC + Brisbane 


( 02 ) 4393322 
( 03 ) 5423333 
( 08 ) 2430155 
( 09 ) 277 4199 
( 07 ) 440191 
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SCREWDRIVER SET 
'CHARADE" from "DAIHATSU" 



★ Chrome plated and 
presented in plastic storage 

★ Free running top on each 
driver gives operator ease ot 
use. 

★ Consists of 4 blade drivers 
from 1.4 mm to 2.9 mm and 
2 Phillips screwdrivers, 

No. 0 and No. 1. 


• The 










Fibre Optic Components. £ LED’s and displays. Microwave Semiconductors. 


H.P. stands for high performance 


HP’s quality and 
reliability ensures top 
performance. You can 
design in HP products 
with confidence that 
they will perform as 
specified, even in the 
most demanding 
environments. Their 
reliability has been 
proven over and over 
in a wide variety of 
applications, and they 


are backed by HP’s 
worldwide reputation. 

If you require LEDs, 
light bar modules, 
fibre optic devices, bar 
code wands, optical 
encoders, microwave 
semi-conductors or 
the world’s fastest opto 
couplers - choose 
Hewlett-Packard, and 
call VSI, Australia’s 
authorised distributor. 


VS# 


THE SOURCE OF 

Whp% HEWLETT 

nL'fim PACKARD 

COMPONENTS 


VSI Electronics (Aust) Pty. Ltd., 

16 Dickson Avenue, ARTARMON, 
NSW 2064, AUSTRALIA. 
Telephone (02) 439 8622. 

Telex AA22846. 


♦ QUEENSLAND (07) 525022 ♦ VICTORIA (03) 5436445 ♦ SOUTH AUSTRALIA (08) 2674848 ♦ WESTERN AUSTRALIA (09) 328 8499 

Meridian VSI 0002 
















What's new in display technology 


age is applied between the anode and 
cathode which causes the gas to ionise 
and glow. Thus there is light output while 
ever voltage is applied. 

In practice, practical dot matrix plasma 
displays are much more complicated than 
this simple description would indicate. 
Again, for practical displays, the multi¬ 
plex drive method is used. For a 640 x 400 
dot display there are 640 cathode lines 
and 400 anode lines (or vice versa). So 
there are effectively 256,000 plasma cells 
which are progressively scanned to build 
up the display. The anodes and cathodes 
are laid out in a matrix of long thin con¬ 
ductors embedded in glass plates. The gas 
is contained in tiny cavities at each inter¬ 
section which are each divided to form 
three separate cells. 

One of these is the main display cell 
while the other two are auxiliary cells — 
the constant discharge (or DC pilot) cell 
and the scanning cell. The constant dis¬ 
charge cell provides a constant stream of 
ions to neighbouring display cells and 
auxiliary cells to effectively “bias” them. 
For their part, the auxiliary cells are used 
to transfer the discharge across the whole 
display. They are used because the main 
display cells would otherwise take too 
long to turn on from cold, which would 
result in a flickering display. 

As with other large displays, plasma 
panels are supplied complete with all the 
nterfacing circuitry so that they can be 
controlled with standard RGB signals in¬ 
tended for a video monitor. While orange 
s the most frequently seen plasma co- 
our, these displays are also available in 
»reen. 

Custom made plasma panels are cur- 
ently available in very large sizes, up to 
is much as half a metre square in some 
cases. IBM has a plasma screen unit 
vhich will simultaneously display four 
'ideo screens. And the Australian sub- 
narine project envisions a map table 
cased on a large plasma panel. 

Apart from its large size, non-critical 
dewing angle, high brightness, and lack 
)f flicker, the plasma display is attractive 
>ecause it is relatively compact, with a 
mall front to back dimension of around 
iOmm or so. Its main drawback is its rela- 
ively high power consumption which can 
ange up to 200 watts for a large panel, 
iven so, their compact size is making 
hem popular for the more expensive 
lortable personal computers such as 
hose made by Toshiba and Panasonic 
Matsushita). 


Electroluminescent panels 

In the early sixties, electrolumines¬ 
cence or “cold light” was expected to be 
the light source of the future. It seems 
that as far as that prediction is concerned, 
the future has yet to arrive but they have 
been developed into an alternative dis¬ 
play medium by companies such as Sharp 
and IEE. 

An electroluminescent (EL) display 
relies on the property of some substances 
to give off light when subjected to a suffi¬ 
ciently high voltage. The substance used 
in today’s panels is zinc sulphide doped 
with manganese which produces an easily 
readable amber display. 

By sandwiching a layer of the lumines¬ 
cent material between sets of horizontal 
and vertical electrodes, a voltage can be 
applied across small areas of the panel to 
make it glow. So whenever a row and col¬ 
umn electrode are energised, the material 
at the intersection glows to produce a dot 
on the display. As with other panels such 
as LCD and plasma, EL panels therefore 
lend themselves to multiplex drive and 
the manufacturers package the panels 
complete with all interface and power 
supply circuitry. 

Power consumption is relatively low, 
with large panels consuming less than 20 
watts overall. 

Also as with other panel displays, the 
EL display is based on a glass substrate. 
But since it does not employ a vacuum, a 
fluid or a gas at low pressure, it is claimed 
to be more rugged and able to be used at 
very high altitudes, making it suitable for 
use in military aircraft. 

The EL panel has additional advan¬ 
tages of even higher brightness than 
plasma displays, wider viewing angle (vir¬ 


tually the same as this page) and a con¬ 
trast ratio of up to 100:1 (also comparable 
with this page). However, the present 
high cost of EL panels tends to limit their 
use to very specialised applications, 
mostly in defence. 

And the winner is: the CRT 

When all is said and done though, the 
cathode ray tube is still by far the most 
popular and efficient display for use with 
computers. It is capable of much better 
resolution than competitive displays and 
is simpler to drive in that it does not re¬ 
quire multiplex circuitry. In monochrome 
form it is available in green or amber and 
of course, it is the only high resolution 
display format which is available in co¬ 
lour. 

Because the CRT has been evolved 
over many years and used in such large 
quantities for television receivers, the 
technology is now highly refined and very 
reliable. But whereas all colour television 
receivers now use self-converging tubes 
with in-line guns, the higher resolution 
colour monitors for personal computers 
still use shadow-mask tubes with the triad 
gun format. This is somewhat harder to 
adjust for optimum performance but is 
capable of the higher resolution needed 
for today’s very detailed computer dis¬ 
plays as used in computer-aided design 
software. 

While the CRT still tends to have a big 
lead in overall performance compared to 
other display formats, it still has a num¬ 
ber of drawbacks. These include weight 
and bulk of the tube, the tendency to pro¬ 
duce electromagnetic interference (from 
the sweep circuitry), relatively high 
power consumption and lack of rugged¬ 
ness (unless a ruggedized version is speci¬ 
fied). 

Even so, the CRT is likely to remain 
king for at least the next five years or so, 
and perhaps for a good time beyond that. 









For experimenters: / 

DX reception with 
small AM radios 


DXing is the art of listening to radio stations 
over long distances. Here’s how to increase 
the number of stations that you can receive. 

by STEVE PAYOR 


The AM-3 radio (EA, February 1986) 
used a ZN414 integrated circuit for the 
“front end”. One of the problems with 
this IC is the lack of a wide range of 
Automatic Gain Control (AGC), and 
for this reason the AM-3 has a manual 
gain control to trim back the gain for 
strong signals. But what about very 
weak signals? 

With the ZN414, any signal input 
below 50/xV will not be heard at all, be¬ 
cause it is below the threshold of the 


detector. This limits the useful range of 
the AM-3 to a hundred miles or so 
under good conditions. 

For those constructors of ZN414 
radios who live in remote areas, or who 
just want more signal from their favou¬ 
rite station, the following ideas will 
bring the signal up to a level which can 
only be described as “loud”. 

Furthermore, no modification to the 
receiver is necessary — you don’t even 
have to open up the case! 


Picking up more signal 

Firstly, string up 10 to 20 metres oi 
wire as an aerial. Insulated hookup wire 
will do fine. It should be as high as pos¬ 
sible, but the picture rail will usually 
suffice. Connect one end directly to a 
good RF earth: a grounded water pipe 
is best, but the case of an earthed main: 
appliance will do. 

The RF currents now flowing up anc 
down the wire should be strong enough 
to be picked up by simply holding the 
ferrite rod aerial near the down-leac 
(Fig-1). 

For more signal, wrap the wire once 
or twice around the radio as shown ir 
Fig.2. Note: in any metropolitan area 
two turns will completely saturate the 
ZN414. 


V 



Fig.l: Coupling in a signal from an external aerial can be as 
simple as putting the radio near the down-lead. 
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Tuning the aerial 

For more selectivity, use an aerial 
tuning coil. This is the reception tech¬ 
nique which allowed early radio receiv¬ 
ers to perform so well without any form 
of electronic amplification. 

To make a suitable aerial tuning coil, 
you will need a piece of cardboard tube 
which will comfortably slide over a 
length of ferrite rod. On this tube wind 
a coil of 120 turns of enamelled copper 
wire. (Note: Most parts suppliers stock 
a small rectangular ferrite rod, complete 
with coil which is ideal for this applica¬ 
tion; eg. Dick Smith L-0520, Jaycar LF- 
1015). 

By inserting this coil between the 
aerial and earth, the whole system can 
be made to resonate at the desired sig¬ 
nal frequency by simply sliding the rod 
in or out of the coil. (At broadcast band 
frequencies, the aerial itself behaves as 
a simple capacitor to ground, with a 


value of around lOOpF to 300pF.) 

Putting the AM-3 anywhere near the 
tuning coil will give you more signal 
than the ZN414 can use. A spacing of 
about 100mm can be used as a starting 
point (Fig.3). Optimum signal transfer 
will occur with quite “loose” coupling. 

If the coupling is too “tight”, the two 


tuned circuits will interact and form a 
double-humped response curve, making 
tuning a frustrating exercise. So start 
with the coupling loose and simply peak 
each tuned circuit separately for best re¬ 
ception. 

The improvement in reception is quite 
dramatic: crystal set owners take note! © 


® 


Sound Professionals demand high 
quality loudspeaker systems at home, in 
the car and at work. 

Only Bose hifi speakers produce a 
combination of reflected and direct sound, 
similar to what you hear at a live concert. 
Not to mention stereo throughout your 
listening room, not just between the 
speakers! 

If you demand quality with lifelike 
performance you owe it to yourself to 
check out Bose Direct Reflecting Speaker 
systems for your home and car very soon. 


Please send me further information 
on Bose Speaker Systems. 

□ Professional □ Car 

□ HiFi □ Commercial 


__ Name. 

^mJMM±w£z(A ustralia) Inc, 11 Muriel Ave, j Address 
Rydalmere, 2116 N.S.W. Ph (02) 684-1022 | . "ZZZZIIp^Zde! 
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Another nail in the analog coffin 

Digital Signal 
Processing 


Last month, we looked at the basic theory behind digital signal 
processing (DSP). This second article considers digital filters, 
describes how they are designed, and looks at the algorithms 
used to implement them. 

by MIKE FAULKNER 

Lecturer at the Footscray Institute of Technology 


Filtering is one of the most important and widely used signal 
processing operations. Digital filters, like analog filters, are used 
to reject noise, separate signals of different frequencies, modify 
signal characteristics, and compensate or equalise previous dis¬ 
tortions. 

Filter characteristics 

Filters are normally characterised by their frequency selective 
behaviour; ie. low-pass, high-pass, bandpass etc. The frequency 
selective property of a filter, however, is not its only important 
characteristic. Transient response problems such as risetime 
limitations and ringing effects can have detrimental effects on 
some types of input signals (data, for example). 

Filter phase response and group delay can also cause prob¬ 
lems. Group delay is a measure of the time required for different 
frequency components to get through the filter. For minimum 
distortion the group delay for all frequencies within the passband 
should be the same. This means that frequencies that start out 
together will arrive at the filter output together, and will not be 
dispersed in time. 

Filters with a constant group delay have a linear phase charac¬ 
teristic; that is, a phase shift that increases linearly with frequen¬ 
cy. The terms “linear phase” and “constant group delay” are 
synonymous. Unfortunately, for many filter classes the group 
delay is not constant. An illustration is given in Fig.l. 

The design of filters is often a compromise between conflicting 
requirements, with the emphasis being determined by the appli¬ 
cation. Data signals, for example, require a good group delay 
and transient response and so selectivity is often sacrificed. 
Audio signals on the other hand can exploit the ear’s low sensi¬ 
tivity to group delay distortion and so highly selective filters with 
poor phase characteristics can be used. In many hifi applications, 
tone control circuits and speaker crossover networks still do not 
have constant group delay. 

Even in this day of computer aided design, the filter designer 
is still required to have a considerable amount of experience. 
Not only are there specification trade-offs, but there is also a cost 
and implementation problem. 

Normally a designer will choose a certain class of filter ap- 
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MAGNITUDE RESPONSE 



GROUP DELAY 



Fig.l: fourth order elliptic bandpass fdter. (a) Frequency response 
The specifications are: passband ripple ±0.1 (1.74dB); stop-band at 
tenuation 0.1 (20dB); passband cutoff frequencies FC) = 1.5kHz, Fc 
= 2.2kHz; stop-band frequencies Fai = 1kHz, Fa h = 2.2kHz. (b 
Group delay. Frequencies near the passband edges experience th 
most delay which is a common occurence in filters. 
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proximation (Butterworth, Chebyshev, etc.) based on group 
delay, transient response, and implementation considerations, 
and then design the filter to a frequency specification. The list 
below shows the necessary specifications for a bandpass filter. 
These apply to both analog and digital filter design. 

(1) . Passband ripple: ideal filters have a passband gain of unity. 
The ripple error is a measure of the tolerance the designer is pre¬ 
pared to accept on this passband gain. Values between O.ldB 
and l.OdB are common. Obviously, the lower the ripple speci¬ 
fication the more complex the filter. 

(2) . Cut-off frequencies (Fq and Fc h ): these define the passband 
edges. 

(3) . Stop-band attenuation: the minimum attenuation required 
throughout the stop-band. The greater this attenuation the more 
complex the filter. Attenuations between 30dB and 60dB are 
common. 

(4) . Stop band frequencies (Fa! and Fa h ) — the stop-band edges: 
the required minimum attenuation must be reached by these fre¬ 
quencies. The narrower the skirts (Fa h -Fc h and Fc r Fa!), the 
more complex the filter. 

These specifications are illustrated diagramatically in Fig.l. 
The designer does not normally care about the actual shape of 
the filter response provided the specifications are met; ie. the re¬ 
sponse falls within the set limits. 

Digital Filters 

The constant coefficient difference equation is the most com¬ 
mon algorithm for implementing digital filters. It effectively says 
that the output is a function of the input, previous inputs and 



Fig.2: implementation block diagram — direct form. T represents a 
lelay of one sample period. 


The coefficients ao, ai, b l5 b 2 , etc determine the filter’s charac¬ 
teristic; the current input and output are x n and y n , and the previ¬ 
ous input and output are x n _i and y„_! etc. Fig.2 shows the imple¬ 
mentation block diagram. The blocks marked T represent a 
delay of one sample period. The z transfer function of this equa¬ 
tion is shown below, where Z' 1 represents a delay of one sample 
period (T seconds). 


X(z) 1 + bi Z~» + b 2 Z-= + _ 

The order of the filter is given by the highest power of Z 1 in 
the expression. The order of the filter is a measure of its com¬ 
plexity and the number of poles it has. The transfer function of a 
first order filter is shown below. This filter can have a response 
similar to that of a simple analog RC low-pass network. 



X< z) 1 + bi Z“‘ 

Digital filters may be classified as either recursive, having an 
infinite impulse response (HR); or non-recursive, having a finite 
impulse response (FIR). The FIR digital filter is essentially a 
delay line in which the output is formed by applying various 
weighting factors to the delayed input signal. The output is not a 
function of the previous outputs and so all the b coefficients in 
the previous two equations are put to zero. 

Fig.3 shows an example of a three coefficient digital FIR filter. 
The coefficients, ao, a 1( etc represent the impulse response of the 
filter. 

Given enough coefficients, FIR filters can implement any am¬ 
plitude and phase characteristic. Normally, however, they are 
used to implement linear phase (or constant group delay) filters. 
Their disadvantage is in the number of coefficients, and hence 
the processing effort, required to get an acceptable frequency re¬ 
sponse. 

On the other hand HR filters can be made very selective for a 
given processing effort (number of multiplications and addi- 
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TEXA! 

TMS32 

OVERVIEW 

Tl’s TMS320 family comprises six 
high-speed digital signal processors 
(DSPs) — the broadest family of these 
devices available today. All are capable 
of implementing complex, 
numeric-intensive algorithms in real 
time. Among them you can find the 
device to meet a wide range of price/ 
performance goals. While family 
compatibility reduces development 
costs and speeds time to market. 

Tl’s DSP family is a reliable, flexible 
replacement for analog systems, and it 
provides designers with 
high-performance alternatives to 
conventional microprocessors and 
microcontrollers. 

The Harvard architecture of Tl’s 
TMS320 family increases parallelism for 
higher throughput; and these 
economical, programmable, 
general-purpose DSPs can accomplish 
many tasks that formerly required 
expensive custom or bit-slice solutions. 

As the industry standard, Tl’s TMS320 
family minimizes your design risk. 

APPLICATIONS 

DSP is finding applications as varied 
as: 

• Telecommunications 

• Voice/speech processing 

• Graphics/image processing 

• Control systems 

• Instrumentation 

And benefiting users in such fields as: 

• Manufacturing 

• Consumer goods 

• Automotive 

• Medical 

• Military 

DEVELOPMENT SUPPORT 
Texas Instruments can also provide an 
extensive catalog of development tools 
and support, including: 

• Emulators and evaluation modules 

• Assemblers, linkers, and simulators 

• Applications software 

• Training workshops 

• Third-party hardware and software 

• Local technical support 


◄ Setup is as simple as 1-2-3 with Lear 
Siegler's adaptive telephone repeater 
using TI's TMS32010 DSP. Whereas 
manual adjustment of an analog repeate 
can take many hours, only three simple 
switch settings are required to assure 
rock-stable, "sing"-free performance froi 
the digital repeater. 







NSTRUMENTS 

DIGITAL SIGNAL PROCESSORS 


SOLUTIONS . . . 
WITH TI's 
PROCESSOR 
OF CHOICE. 


Texas Instruments’ general-purpose 
DSPs are cost-effective solutions — not 
only to realtime communications tasks, 
>ut to a wide range of applications 
nvolving high-speed, numeric-intensive 
computations. In telephony, data 
communications, graphics applications, 
industrial controls, general signal 
filtering . . . The possibilities are 
rounded only by your imagination. Tl 
jrovides solutions to do your whole job 
— not just part of it. 


Off the drawing board . . . 
into the hardware of choice 
_et Texas Instruments help speed your 
DSP project to market. Get the TMS320 
DSP Design Kit (TMS320DDK). It 
rontains the key building blocks you 



leed to prototype your system: DSPs, 
roripherals, more than 700 pages of 
ipplication notes, and four floppy disks 
vith applications source code. It’s a 
rost-effective way to get started. And 
'ou can get it from your nearest Tl 
: ield Sales office or authorized 
listributor now. 



In-depth support for TI's TMS320 family of DSPs includes host-independent development 
systems, an evaluation module, an emulator, and an analog interface board, as well as 
assembler/linkers and simulators that can run on a variety of host computers and PCs. 
Documentation and application support are extensive and thorough. 


TI’s TM320 FAMILY OVERVIEW 
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Texas Instruments Australia, 6 Talavera Rd, North Ryde 2113 
Telephone: (02) 887-1122 


Please tick selection 

□ Rush me a copy of the 700 page "Digital Signal Processing 
Applications with the TMS320 Family". 

□ Place my name on the TMS mailing list. 
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Address: . 

City: . State:.Postcode 

Telephone: ( ). 




















































Signal Processing 



Fig.4: the major design approaches for HR digital fdters. The bilin¬ 
ear transform is used by most commercial CAD packages. 


tions.) The rest of this article will concentrate on the HR type of 
digital filter. 

HR digital filters 

Because these filters include at least one feedback path their 
impulse response will, theoretically, never completely die away. 
In this respect, HR filters are similar to analog filters and in fact 
the majority of HR filters are obtained by designing the analog 
filter first. 

The main steps in the design of HR filters are shown in Fig.4. 



Fig.5: amplitude distortion caused by the impulse invariant trans¬ 
form. 



Fig.6: frequency distortion caused by the bilinear transform. This is 
compensated for by changing (pre-distorting) the original cut-off and 
stop-band specifications. 
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Classical Filter Approximations 


Many digital filter designs are based on classical ana¬ 
log approximations. In particular, MR filters are almost 
wholly based on these approximations. The following 
table reviews the features of the more important types. 
Some of these points are illustrated in Fig.7. 

• Butterworth 

- flat response in the passband (no ripples) 

- medium selectivity near cut-off 

- attenuation approaches 20dB/decade/pole 

- poor group delay 


There are a number of possible approaches. The indirect ap 
proach involves designing an analog filter first. This filter is nor 
mally one of the classical types; ie. Butterworth, Chebyshev o 
elliptic, depending on what is appropriate for the applicatioi 
(see Classical Filter Approximations ). Analog filters are nor 
mally designed from tables which give the pole and zero loca 
tions of their transfer function in the s-plane. 

There are many transforms for converting an analog filter to < 
digital filter, three of which are shown in Fig.4. In each case 
however, the resultant frequency response is distorted, espe 
dally in the vicinity of half the sampling rate. The main feature 
of each transform are listed below. 

(1) The impulse invariant transform gives the digital filter ai 
identical impulse response to the analog filter. The frequency re 
sponse of the resulting digital filter has an amplitude distortioi 
which is illustrated in Fig.5. This distortion can be reduced b 
using sampling rates which are high compared to the cut-off fre 
quency. This transform is not suitable for high-pass filters. 

(2) The matched z transform maps the s-plane poles and zero 
into the z-plane (see “Z Transforms, Transfer Functions, Pole 
and Zeros”). This transform has similar limitations to the im 
pulse invariant transform. 

(3) The bilinear transform compresses the frequency axis of th 
analog filter before mapping the s-plane poles and zeros into th 
z-plane (Fig.6). This overcomes the problems of the above tW' 
transforms, but necessitates a modification of the initial cut-ol 
frequency specifications to compensate for the frequency distor 
tion. Although complex, this is the most popular method for de 
signing digital filters and is used by most commercial CAD pro 
grams. 

Direct design methods obtain the digital filter transfer func 
tion directly from the specification. Design equations exist fo 
the mathematically simpler classical filter types such as the But 
terworth response, for which a program is included in the sectio: 
on CAD of Digital Filters . 
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Fig.7: three classical approximations to the same filter specification 
— (a) 6th order Butterworth, (b) 4th order Chebyshev, (c) 3rd order 
elliptic. 

» Chebyshev 

- equal ripple in the passband 

- high selectivity near cut-off (steep skirt) 

- attenuation approaches 20dB/decade/pole 

- very poor group delay 

» Elliptic or Cauer 

- ripples in pass-band and stop-band 

- highest selectivity near cut-off 

- very poor group delay 


• Bessel 

- flat response in the passband 

- poor selectivity near cut-off 

- constant group delay 

• All-pass 

- flat amplitude, unity gain 

- variable phase or delay (often used to equalise the 
phase response of other filters). 


Implementation of HR filters 

Although the structure shown in Fig.2 can be used to imple¬ 
ment HR filters, it is not normally used. This is because coeffi¬ 
cient quantisation effects can cause large changes in the filter 
characteristics. This problem is reduced by splitting the overall 
transfer function into a cascade of smaller second order (and per¬ 
haps one first order) sections as shown in Fig.9. Each of these 
smaller sections, often called biquadratic sections, account for 
two poles and up to two zeros of the overall transfer function. 

The implementation structure shown is to be preferred to a 
second order version of Fig.2. It uses fewer delay elements and 


therefore less memory. Implementing this section in software 
first requires the calculation of the variable w 0 , then the calcula¬ 
tion of the output. 


A computer flow diagram for the implementation of a filter 
with four second order sections is shown in Fig. 10, and a listing 


—H-£ 

1- 


—( + / [ 

_ 

m /— t+r* 3 - 



Fig.9: (a) factorising a high order transfer function into second order 
(with perhaps one first order) biquadratic sections; (b) implementa¬ 
tion block diagram of one such section. 



Fig. 10: flow diagram — implementing an HR filter. 
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Signal Processing 

of a BASIC program to simulate the response of the filter to a 
sine wave input is shown in Fig. 11. The program is suitable for 
the IBM-PC and compatibles. 

The implementation of the delay block (T) takes some under- 


10 REN ******PR0GRAN TO SIMULATE CASCADED BIQUADRATIC STASES ****** 
100 REN READ 'NO. OT STAGES’,'CONSTANT GAIN FACTOR",■COEFFICIENTS' 

110 READ N,CSF 
120 FOR N=1 TO N 

130 READ A0(N),Al(H),A2(N),Bl(N),82iN) 

140 NEXT N 

200 REN »*****RUN FILTER, SINULATE INPUT****** 

205 INPUT "ENTER INPUT FREQUENCY HRT SAMPLE FREQUENCY (MAT 0.5)\F 

210 FOR T= 1 TO 50 

215 X0 = SIN(2*3.!4159»J*F) 

217 REN EXECUTE ALS0RITHN 

220 X=X0*CGF 

230 FOR N=1 TO N 

240 S0SUB 300 

245 X=Y 

250 NEXT N 

260 REN DISPLAY ON SCREEN 

270 PRINT TAB(INT(19*(1+XO)+1.5)) ■»■ TAB(INT(41.5*19*(1*Y))) "Y" 

200 NEXT J 

2B5 PRINT TAB(15) "INPUT SIGNAL" TAB(55> "OUTPUT SIGNAL" 

290 END 

300 REN ••••••BIQUADRATIC SECTION****** 

310 KOCH) = X - B1(N)*W1(N) - B2(N)*W2(N) 

320 Y = A0(N)*W0(N) + A1(N)*W1(M) + A2(H)*M2(H) 

330 M2(M) = Ul(N) 

340 Hl(N) = U0(H) 

350 RETURN 

1000 DATA 4,.0000001762 
1010 DATA 1,2,1,-1.794,0.8863 
1020 DATA 1,2,1,-1.623,0.7069 
1030 DATA 1,2,1,-1.513,0.5912 
1040 DATA 1,2,1,-1.460,0.5348 

RUN 


ENTER !N°UT FREQUENCY HRT SANPLE FREQUENCY (NAX 0.5)' .06 


OUTPUT SIGNAL 


Fig.ll: IIR filter simulation program. Input data format is 
lOOO DATA (no. of biquad, sections), (CGF) 

1010 DATA (ao), (a,), (a 2 ), (bj), (b 2 ) etc. 


Computer Aided Design (CAD) 
of Digital Filters 

Just as VLSI has helped in the implementation of DSP 
algorithms (to the point where they are serious contend¬ 
ers for signal processing systems handling frequencies 
up to 20kHz), so has the advent of CAD reduced the de¬ 
sign effort in deriving the algorithms in the first place. 

For example, programs now exist which can design 
digital filters and then automatically write the assembly 
code for their implementation on a DSP microprocessor. 
Any serious DSP designer should have access to one of 
these packages. The potential saving in design time is 
immense. To give an example, the first digital filter de¬ 
signed by the author took three days (before CAD pack¬ 
ages were generally available); the same filter designed 
on one of these packages would probably take 30 
minutes. 

Unfortunately, these packages are expensive so a 
small BASIC program is included here for those readers 
wishing to design their own filters (Fig.8). The program is 
limited to low-pass even order Butterworth designs. The 
program will generate coefficients for the second order 
biquadratic sections, and a constant gain factor (CGF) 
which is necessary to normalise the DC gain of the filter 
to unity. 

The same program can be used to obtain a high-pass 
response with the aid of a low-pass to high-pass transfor¬ 
mation. In this case, replacing Z -1 with -Z -1 in the trans¬ 
fer function (by inverting the sign of the aand b! coeffi¬ 
cients in each biquadratic section) changes a low-pass 
filter with a 3dB cut-off frequency of Fc to a high-pass fil¬ 
ter with a 3dB cut-off frequency of (Fs/2-Fc). Transforms 
for bandpass and band-stop also exist (see T.J. Terrell, 
"Introduction to Digital Filters", Macmillan 1980). 


10 REN CALCULATION OF BUTTERWORTH LR BIQUADRATIC SECTIONS 

20 INPUT "FILTER ORDER (NUST BE EVEN)":N 

30 INPUT 'SANPLE FREQUENCY HZ'jS 

40 INPUT "3DB CUT-OFF FREQUENCY HZ“:C 

50 F=C/S: PI =3.141593: A = TAN(PI*F;: CGF = 1 

60 PRINT "A0\"Ar,"A2",“Bt“,"B2* 

70 FOR H=0 TQ (N/2-!) 

80 T = (2*N + N + 1)*PI/(2*N) 

90 D = (1 - 2*A*C0S(T) * A A 2) 

100 U = (1-A A 2)/D:V = 2*A*SIN(T)/D 

110 CGF = CGF*(l-2*U+U'2*V A 2)/4 

120 PPINT 1.2,1,<-2*U),<V*2+U*2; 

130 NEXT N 

140 PRINT "CONSTANT GAIN FACTOR = “,CSF 
150 END 


RUN 

FILTER ORDER (NUST BE EVEN)? 8 
SANPLE FREQUENCY HV 10000 
3DB CUT-OFF FREQUENCY HZ? 500 
A0 A1 A2 Bi 

1 2 t -1.792962 

1 2 1 -1.623406 

1 2 1 -1.513291 

1 2 1 -1.459706 

CONSTANT GAIN FACTOR = 1.762551E-07 


Fig-8: Basic listing of a program to design even order low-pass But 
terworth filters. The input requirements are the sample frequency 
3dB cut-off frequency, and the filter order. The output gives the bi 
quadratic coefficients and the constant gain factor (CGF). 
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Signal Processing 

standing. In this case, T is the time required for one complete 
program pass through the loop. In that time, data in variable w 0 
becomes the previous data, in which case it is stored in w,. Line 
340 of the program implements the first delay block, and line 330 


the second. 

That’s all we have space for this month. In the final article, we 
will consider FIR filters and DSP implementation. 

Footnote: in the box headed “The Discrete Fourier Transform 
(DFT)” on page 94 of last month’s issue, reference is made in the 
second paragraph to equation (4). This should have read equa¬ 
tion (3). 


Z Transforms, Transfer 
Functions, Poles and Zeros 

Using suitable CAD packages it is possible to design 
digital filters with little or no knowledge of z transforms. 
This section, therefore, is for readers interested in a bet¬ 
ter understanding of DSP theory. 

The transfer function relates the output of a linear sys¬ 
tem to its input. Unfortunately, the transfer function only 
applies to transformed signals. The Laplace transform is 
used for analog signals, while the z transform is used for 
digital signals. In the digital case the transfer function 
H(z) is the z transform of the impulse response hn 

H(z) = X h n z -n 


and the output Y(z) is related to the input X(z) by 

The above equations effectively say that the operator, 
z , represents a delay of one sample period (T). For ex¬ 
ample, the transfer function H(z) of the DSP system with 
impulse response hn = {0.5. 1.0, 0.5} is 

H<z> = 0.5 + 1.0 z-* + 0.5 z- 2 

Analysis of the transfer function can give some valu¬ 
able insights into the behaviour of the network. In particu¬ 
lar, the value of the poles and zeros of the expression can 
be used to determine the system's stability and fre¬ 
quency response. 

Poles are the value of z that cause the expression H(z) 
to go to infinity, and zeros are the values of z that cause 
the expression to go to zero. In the above expression two 
poles are located at z = 0, and two zeros at z = -1. 

It is normal to plot the positions of the poles and zeros 
on a diagram called a z-plane (or s-plane for analog sys¬ 
tems). Since poles and zeros can have real and imagi¬ 


nary components, the plane has a real and imaginary 
axis as shown in Fig.12. Stability is guaranteed if all trans¬ 
fer function poles lie within a circle of radius one from the 
origin. Zeros have no effect on stability. 

The s- and z- planes are related through the unit delay 
T because the Laplace transform of a fixed delay of T 
seconds is equal to e -ST and the z transform is equal to 
z 1 and so 


This equation relates any point in the s-plane to a point 
in the z-plane. Using this expression the stable left hand 
region of the s-plane maps into a circle of radius 1 (unity). 

One of the techniques for designing digital filters is to 
first obtain the pole and zero positions of the necessary 
analog filter, and then transfer them into the z-plane by 
using the above relationship (matched z transform); the 
digital transfer function H(z) can then be obtained. 

If, for example, we take the analog RC network of 
Fig. 13, it has an analog pole at s = -1/RC and a zero at 
negative infinity. These map into a pole on the z-plane at 
z = e c and a zero at the origin. The transfer function 
is therefore: 

Y(z) z - O 1 



(Note: the DC gain of this function can be obtained by 
putting z equal to 1). This transfer function can easily be 
converted into a DSP algorithm by remembering that z^ 1 
represents a delay of one sample period (T), or 

y„ = x n + e~ T "«= y n _ i 

Substituting values for R and C, choosing a sample 
period T = 0.1ms (Fs = 10kHz), and then compensating 
for the DC gain produces the algorithm 

y„ = 0.01 x„ + 0.99 y n _» 

where 0.01 provides the gain normalisation. 
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Interpretation of DSP Signals 

When testing digital filters using a cathode ray oscillo¬ 
scope (CRO) it is often difficult to interpret the results. 
This is because an accurately repeating sweep requires 
the synchronisation of three independent generators, 
these being the CRO timebase, the input signal and the 
DSP sampling rate. The trigger facility on the CRO can 
only synchronise to one other signal. 

The other problem is illustrated in Fig.14 In all cases, 
the top trace is the analog input signal and the bottom 
trace the sample data output from the DSP. 

Observers of the top photo could be tricked into think¬ 
ing that their DSP algorithm was not working, the output 
appearing to be totally unrelated to the input signal. The 
individual steps, however, can be seen distinctly. This is 
because the CRO is triggering off the bottom trace. 

Changing the trigger to t. a top (input) trace and then 
expanding the timebase gives the second photo. The 
relationship between the input and output can now be 
seen. The blur on the output trace is caused by the 
changing position of the output steps for each sweep of 
the trace. The horizontal width of the blur is equal to the 
output step size; ie. the sample period. 

These effects are especially prevalent when the input 
signal frequency is close to half the sampling rate (Fs/2). 
Special care must be taken, therefore, when testing high- 
pass filters. 

The last photograph shows the best of both worlds. 
However, this was obtained using a single sweep of the 
CRO. The sweep of the trace is normally too fast for the 
eye to follow, and a storage facility or camera is neces¬ 
sary. 




Fig.13: Designing a first order IIR filter to emulate an RC network — 
(a) RC network and transfer function; (b) Converting the poles and 
zeros to the z-plane; (c) Implementation block diagram. 
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For text and graphics with colour ... 

Epson’s EX-800 
dot matrix printer 



There’s no doubt about it. Printers are continuing to become 
more intelligent, easier to use and above all, faster. It used to 
be that dot matrix printers were used only where print quality 
was unimportant. Now they are displacing daisy-wheel print¬ 
ers because they can produce good quality print and graphics 
output too. And the Epson EX800 can also print in colour. 


by LEO SIMPSON 


NLQ is a term you see more often 
these days when reading the specs of 
dot matrix printers. The term stands for 
“near letter quality” and it means just 
below the print quality of a daisy-wheel 
printer or golf ball typewriter. 

Some dot matrix printers produce 
near letter quality by employing a large 
number of pins in their print head. In¬ 
stead of using the standard seven, eight 
or nine pins, some print heads have 24 
pins. As they move across the paper 
these very fine pattern print heads have 
no difficulty in producing a dot matrix 
pattern which is almost equivalent to a 
good daisywheel machine. 

The EX800 attacks the problem in a 
different way. It only has nine pins in 
its print head but it produces a fine 


quality print by passing its print head 
across the paper twice and moving the 
paper slightly in between, so each line 
of print requires two passes of the print 
head when in NLQ mode. In draft 
mode, only one pass is used and the dot 
matrix structure of the printed words is 
clearly evident. What this means is that 


the machine is much faster in draf 
mode than in NLQ mode. Is that th< 
end of the story? No, not by a lonj 
shot. 

Where the dot matrix NLQ printe 
has it all over the daisy-wheel printer i 
that it can easily change print fonts 
With a daisy-wheel printer the only waj 
to change fonts is to change prin 
wheels, a process which can be fiddb 
and requires stopping the printer. Witi 
an NLQ dot matrix printer on the othe 
hand, you have the possibility of chang 
ing print fonts in mid-sentence, unde 
software control. 

For some years now, most dot matrij 
printers have offered this feature 
whether they had pretensions to “lette 
quality” or not. The way in which the 
instructions were delivered to the 
printer was by ESC instructions embed 


The Epson EX-800 dot matrix printer 
text and graphics is flexible and fast. 
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ded into the text or material to be print¬ 
ed. 

Now this is all very well if you are 
printing out a file under Basic or DOS 
and it consists of ASCII characters. But 
if you are using a word processing pro¬ 
gram such as Wordstar, things are not 
so simple. The ESC sequences don’t 
work unless they are “patched” into the 
program. And since you can have only 
a limited number of patches in Word¬ 
star, the number of different print op¬ 
tions you can actually use are limited. 

With the EX-800 though, you have 
another way of changing fonts within 
the one piece of text. You can merely 
take the printer off-line at any stage 
during printing, select the desired font 
and then continue printing. Epson refer 
to this feature as SelecType and it gives 
three basic fonts: Draft (which is fast 
and looks like dot matrix printout), 
Roman and Sans Serif (which means 
without the serif, the curly bits on type¬ 
faces). 

At the same time, you can also select 
the print width; Pica (10 characters per 
inch); Elite (12 characters per inch); 
Proportional which is fairly close to Pica 
but varies the amount of space depend¬ 
ing on each character; and Condensed 
(about 60% compression) for all three 
of these modes. If you select both Elite 
and Condensed you can get up to 160 
characters per line which is handy if you 
want to print out large spreadsheets. 
Normally this could not be done on a 
printer of this sort because the maxi¬ 
mum paper width is 80 columns (when 
in the Pica mode). 

I should mention that some word pro¬ 
cessing programs will not let you change 

fonts using the SelecType feature be¬ 
cause they initialise the printer to se¬ 
lected fonts at the start of printing 
which will effectively cancel some type- 
styles. There are ways around that 
though, by re-customising your program 
to take this into account. 

Naturally, you can use subscripts, su¬ 
perscripts, emphasised and double-strike 
modes and italics. The EX-800 supports 
the full ASCII set, including Greek 
symbols. It can also emulate IBM print¬ 
ers and thus give their full graphics 
character set or, in its own Epson 
mode, give eight international character 
sets: USA, English, French, German, 
Danish, Swedish, Italian and Spanish. 
These features are selectable by means 
of two eight-way DIP switches at the 
rear of the machine. 

Graphics 

And as with most dot-matrix printers 
these days, the EX-800 will support dot- 


Interestingly, you can change back to a 
black ribbon at any time and the printer 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 
its underside which opens a microswitch in 1 
the ribbon carriage baseplate. s 

Interestingly, you can change back to a black ribbon at any ti«e and 
the printer Mill recognise this when it is turned on. The colour 
ribbon has a pin Moulded into its underside uhich opens a ■icrosuitch 
in the ribbon carriage baseplate. 

Interestingly, you can change back to a 
black ribbon at any time and the printer 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 
its underside which opens a microswitch in 
the ribbon carriage baseplate. 

Interestingly, you can change back to a 
black ribbon at any time and the printer 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 
its underside which opens a microswitch in 
the ribbon carriage baseplate. 

Interestingly, you can change back to a 
black ribbon at any time and the printer 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 
its underside which opens a microswitch in 
the ribbon carriage baseplate. 

Interestingly, you can change back to a 
black ribbon at any time and the printer- 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 

its underside which opens a m icros w itch m - 

the ribbon carriage baseplate. 

Interestingly, you can change back to a 
black ribbon at any time and the printer- 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 
its underside which opens a microswitch in 
the ribbon carriage baseplate. 

Interestingly, you can change back to a 
black ribbon at any time and the printer- 
will recognise this when it is turned on. 

The colour ribbon has a pin moulded into 
its underside which opens a microswitch in 
the ribbon carriage baseplate. 

Interestingly, you can change back to a black ribbon at any tine and 
the printer Mill recognise this Nhen it is turned on. The colour 
ribbon has a pin Moulded into its underside which opens a MicrosMitch 
in the ribbon carriage baseplate. 

These are some of the fonts that can be produced on the Epson EX-800. 
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Epson’s dot matrix printer 


addressable graphics in both the IBM 
mode and Epson mode. These give 240 
dots per inch horizontally and 72 dots 
per inch vertically. In the main graphics 
mode, the EX-800 uses only the top 
eight of the nine pins in its print head. 
To print images or characters taller than 
eight dots, the machine does one line, 
advances the paper slightly, and then 
does another pass. It uses the same 
technique to fill in the spaces between 
the dots when printing in the NLQ 
modes. 

Print speed is quoted as 250 cps 
(characters for second) in Draft Pica 
mode, 300 cps in Draft Elite and drap¬ 
ing to 50 cps in NLQ mode. I found 
that actual performance on text was 
somewhat slower than these figures but 
the EX-800 still really rips along in 
Draft mode and is quite a bit faster 
than typical daisy-wheel printers when 
in NLQ mode. It is also reasonably 
quiet for a dot-matrix printer. 

In the draft mode, the character struc¬ 
ture is formed from a 9 x 9 dot matrix, 
which gives an easily read type with 
true descenders (ie, on the letters g, j, 
p, q and y). In the NLQ mode, the 
double-pass operation of the print-head 
combined with paper movement, gives 
an 18 x 18 dot matrix which is very 
readable and has little evidence of dot 
structure, unless you look closely. The 
print quality is not quite as sharp or as 
densely black as from a daisy wheel 
printer but all who saw it agreed that it 
was satisfactory, especially considering 
the other attributes of this machine. 

Line spacing is 1/6-inch, 1/8-inch or 
programmable in increments of 1/216- 
inch, as most dot-matrix printers are. 

Paper 

You can use either tractor-feed, roll 
or single sheets of paper in the EX-800 
and you can obtain three copies at 
once, providing the paper thickness 
does not exceed 0.16mm. Paper width 
can be from 101 to 254mm wide in the 
case of tractor-feed while single sheets 
can be up to 216mm wide. 

The ribbon cartridge is Epson’s own 
design and is similar to those used in 
Diablo daisy-wheel printers. Life ex¬ 
pectancy of the ribbon is about three 
million characters or about 500,000 
words. Actual life will no doubt depend 
on the climatic conditions — printer rib¬ 
bons tend to fade over a period of time, 
regardless of whether they are used or 
not. 
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Mechanical features 

Gaining access to the inside of the 
EX-800 is quite interesting and shows 
the amount of ingenuity that Epson 
have brought to bear in this machine. It 
involves removing two screws, removing 
the SelecType panel, reaching in to un¬ 
fasten two clips and the whole top lifts 
off to give access to the mechanism and 
electronics. And as with many dot ma¬ 
trix printers these days, the EX-800 is 
mechanically absurdly simple, with all 
the clever functions taken care of by 
software via its own processors. It has 
an 8K print buffer too, which is enough 
to store about two or three quarto 
pages of text. 

Centronics (parallel) and RS232C 
(serial) interfaces are fitted as standard 
and a number of other serial interface 
boards are optional such as IEEE-448 
and RS232C current loop. 

One feature of the design which we 
do think could be improved is the mains 


wiring. When the top of the case is re¬ 
moved the mains fuse lies fully exposed. 
It is adjacent to the mains switch and is 
directly connected to the active line of 
the mains. Since it is placed exactly 
where your hand would tend to go 
when lifting the printer, it presents a 
risk of very severe electrical shock, if 
the machine is still connected to the 
mains. 

Sure, the manual tells you to switch 
off the printer and remove the power 
cord but those precautions always tend 
to be ignored and, in any case, the ma¬ 
chine would have to be powered during 
servicing. A small change to the wiring 
would fix the problem and would make 
the machine safe to work on, even with 
power applied. We have suggested this 
to the local branch of Epson. They have 
agreed to have the wiring modified. 

The EX-800 comes with a very com¬ 
prehensive manual, by the way, which 
includes all the ESCape sequences and 
the technical details of the interfaces. In 
the manner of the manuals for the 
Epson PC reviewed last month, the 
spiral-bound 246-page manual is well- 



As well as offering “near letter quality” text, the EX-800 can print graphics images in 

full colour. 
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“LEADERSHIP 
TECHNOLOGY 
FROM EPSON 
CAN BE YOUR 
LEADING EDGE: 

JAMES DIBBLE 


Leading edge in technology made Epson number one 
in printers. 

And you could take advantage of it. 

Epson technology is available to the OEM market 
in the form of printing mechanisms, LCD’s, floppy 
and hard disc drives. 

Printer Mechanisms from the leaders 

Epson pioneered the field of dot matrix 
printing and continues to be the world’s leading 
producer. 

The line-up starts with the micro series, ideal 
for use in POS terminals, ticket printers, measuring 
devices and portable computers. 

The 200 series are compact and fast, with a capacity of 
up to 31 characters per line at 2.4 lines per second. 

The 500 series offer even higher performance and 
extraordinarily long life, making them ideal for use wherever 
hard copies of transactions are needed in high volume. 

High Resolution LCD’s 
Epson’s high resolution LCD modules rely on a newly 
developed combination of LCD and semi conductor 
technology to deliver high reliability and low power 
consumption. 



The Drive for Success 

Epson has harnessed its unmatched production 
engineering capability to produce a range of drivers that are 
smaller, and run cooler, longer, more reliably, and more 
accurately on much less energy than competitive products. 

The right choice 

To stay in front in the OEM business, only the best 
quality components are good enough. 

And in printer mechanisms, LCD’s and drives, Epson 
can give you the leading edge you need. 

For more information, 

phone Epson Sydney I® 

(02) 452 5222 or write ►— J|\l 

for free brochure. ^1 ^ 

r —— 1 

■ Post to Epson Components Division, 

P.O. Box 410 FRENCHS FOREST 2086 

j NAME. 

I ADDRESS.......... 


HOLTEPS0047 




























CONTROLLERS 

AUDIO/CHASER (DW 4LC 

LIGHT COMPUTER (DW 7LC 4200) 

Programmable 7 channel with E-prom (16 prc 
Ideal for Advertising signs and Disco lighting. 

VU LIGHT BAR (OW 12 LC 480) $460 

12 channel L.E.D. like display controller. 

Triggered by sound signals. Exciting new product! 

GAFFER TAPE (Black) per roll $7 

PACKAGING TAPE per roll $5.00 

Special offer till stocks run out: 4 ch. chaser $80.00 

PLEASE NOTE: ALL DW CONTROLLERS 
COME WITH 12 MONTHS WARRANTY. 


New Product 

DYNAMITE SMOKE MACHINE 

Has remote control lead to operate off-stage. 
Ideal for Bands, Discos, Night Clubs and TV 
Productions. Australian made $1800.00 

t own developed product. 

























written and easy to follow. It also in¬ 
cludes a fold-out quick reference card 
with all the commands and oft-used 
data. 

Apart from one small criticism on the 
power wiring, we could conclude at this 
point and state that this new printer 
from Epson is a fine machine which is 
certainly worth its purchase price. But it 
has another attraction which we men¬ 
tioned at the beginning of this review: 
colour. 

This is an optional kit which com¬ 
prises a colour ribbon cartridge, a small 
motor, a Philips-head screwdriver and a 
small plastic lifting tool. A subsidiary 
manual explains how to install it. It 
takes about five minutes to do it. The 
colour ribbon is wider than the standard 
black ribbon and has three basic co¬ 
lours, red, blue and green plus black. 
The small motor in the kit is used to 
angle the ribbon carriage to bring each 
colour band of the ribbon into play. 

After the installation you can do the 
self-test routine and get a printout in no 
less than seven colours: black, red, 
blue, violet, yellow, orange and green. 
The colours are vivid and stand out very 
well on white paper, except for yellow 
which normally does not contrast well 
with white. 

These colours can be brought into 
play by using ESCape commands which 
can be embedded into some word pro¬ 
cessing programs or used in Basic rou¬ 
tines. Where the colour really comes 
into its own is in the production of co- 
oured bar charts and in complex graph- 
cs work. Epson include some examples 
of these in their manual which must 
rave taken hours to develop on a com- 
luter but can be printed out in only a 
'ew moments. It is really very impres¬ 
sive. 

Interestingly, you can change back to 
i black ribbon at any time and the 
irinter will recognise this when it is 
urned on. The colour ribbon has a pin 
noulded into its underside which opens 
i microswitch in the ribbon carriage 
laseplate. 

Well, to actually conclude this time, 
ve are impressed with this printer. It is 
i highly capable, near-letter-quality 
irinter with an excellent bonus option 
n the form of colour printing. It should 
ie a winner. 

Recommended retail price at the time 
>f writing was $1050 plus tax for the 
ipson EX-800 while the colour option 
vas expected to be about $150. For fur- 
her information contact your Epson 
lealer or Epson Australia Pty Ltd, Unit 
I, 17 Rodborough Rd, Frenchs Forest, 
MSW 2086. Phone (02) 452 5222. © 



Ian J. Truscotts 

ELECTRONIC 

WORLD 


For all your components! 
Test gear, data books. 
Huge range of active 
and passive components. 


FLUKE Multimeters 
Amidon Ferrite Products 

Are you pulling out your 
hair trying to find parts 
for the PLAYMASTER 
AM/FM tuner kits??? 

Give us a call! We have most 
parts (incl. semi’s) in stock. 


30 Lacey Street, 
CROYDON, VIC. 3136 
Ph: 723-3860/3094 

Mail Orders Welcome 


MICE CIRCUIT 

EMULATORS 

Manufactured by Microtek International Inc. 



‘MICEII Real-Time 
In-Circuit Emulation for: 

Z8 6809/E 

ZS8 6502 Family 

8051 Family 8086/8088 
8048/49/50 80186/80188 
Z80B 80286 
8085 68000/68010 

NSC 800 68008 

* Full development/debugging 
software for IBM-PC/XT/AT. 
‘Source level debugging for 
APX-86 compiled code. 
‘NOW AVAILABLE MICE-32 
for 68020 


MACRO DYNAMICS P/LSS 

80 Lewis Rd. Wanlirna Sth 3152. Ph.: 220-7260 
CONTACT: Tlx AA30674 

VIC (03)220 7260 OLD (07)369 5900 
NSW (02)858 5611 SA (08)243 2107 
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New Products... 

Product reviews, releases & services 



Look Mum! — 
both hands 

This gadget is called “Type-Right” 
and it allows you to learn to accurately 
speed type without the time and ex¬ 
pense of evening classes. 

Type-Right is a computerised teaching 
aid that guides you step-by-step on the 
path to becoming a proficient typist. 
First, it familiarises you with the key¬ 
board. Then, with the aid of the manu¬ 
al, you practice finger placement and 
begin typing simple words, before mov¬ 
ing on to complete sentences and para¬ 
graphs. 

Main features of the machine include 
four Lesson Keys, a Class Key which 
offers nine lessons at various skill levels, 
and a Game Key which introduces you 
to speed touch typing. In the latter 
case, a series of letters creep across the 
built-in liquid crystal display and must 
be entered into the keyboard. 

During each lesson, all relevant infor¬ 
mation is displayed on screen to gauge 


progress. A Speed Key calculates typing 
speed, while an Error Key determines 
accuracy and counts the number of mis¬ 
takes. 

Type-Right retails for just $69.95 and 


is available from your nearest Dick 
Smith Electronics store. For further in 
formation contact Dick Smith Electron 
ics Pty Ltd, PO Box 321, North Ryde 
NSW 2113. Telephone (02) 888 3200. 


Military standard 
oscilloscope 

Parameters Pty Ltd, the marketing 
arm of BWD Precision Instruments, has 
announced the release of BWD’s Model 
835 60MHz oscilloscope. 

The Model 835 is a dual-trace oscillo¬ 
scope suitable for both digital and ana¬ 
log applications. It is lightweight, com¬ 
pact and rugged in construction, and 
can be operated from 95-264V 48-440Hz 
power supplies without external switch¬ 
ing. 

The vertical amplifiers provide a full 
60MHz bandwidth from 5mV to 20V 
per div and 50MHz at 2mV/div. For 
noisy waveforms or operation in noisy 
environments, a 20MHz bandwidth limit 
button is provided. 

Sweep speeds range from ls/div to 
50ns/div and the 8 x 10cm CRT oper¬ 
ates at lOkV. Other features include TV 
line and frame lock, low or high fre¬ 
quency reject, power line trigger and 
external trigger for both A and B time 
bases. 

Function selection is by a pushbutton 
or a rotary switch. When switched to al¬ 



ternate sweep, four traces can be dis¬ 
played — CHI and 2 at the ‘A’ sweep 
rate and the CHI and 2 at the delayed 
‘B’ sweep rate. 

The BWD 835 is supplied complete 
with two dual range 10:1 and 1:1 


probes, plus an operation and mainten 
ance handbook. 

For further information contac 
Parameters Pty Ltd, Centrecourt, 25-2' 
Paul Street, North Ryde, 2113. Tele 
phone (02) 888 8777. 


110 ELECTRONICS Australia, November 1986 

















YOUR 
SCOPE 

OS-620 

Bneotronics 

FOR HIGH TECHNOLOGY ELECTRONICS 

37 Ryedale Road, West Ryde 
N.S.W. 2114, Australia 
Phone (02) 807 4739 


9 

only $649 

$735. INCL. TAX 

• Bandwidth 20MHz 

• Rise time less than 17n sec 

• 5mV/DIV sensitivity 

• Channel A, channel B, dual, add, 
subtract 

• Component tester 

• X-Y mode 

• TV video synch filter 


DELIVERED ANYWHERE IN AUSTRALIA FOR $10 
HIIBB Prices correct and goods In stock at time of going to press. 


Phone on the Hotline (02) 
807 4739. Avoid disappoint¬ 
ment. Order your scope by 
Bankcard on the phone. Just 
call up, reverse the charges 
and we’ll take your order. 


grtvl the ALTERNATIVE 20 MHz OSCILLOSCOPE 

While other 20MHz CRO's are content to be like the rest, GW offers you the real alternative. The GOS^ 
522 is a 2 Channel, CRO with a unique 'ALTERNATIVE TRIGGERING' mode between Channels 1 and 
2. This allows you to compare test points between good and bad boards simultaneously! 

GW Instrument's GOS-522 offers more 
'real' facilities for your dollar: 

• Fast 20ns/DIV sweep speed - for high precision 

• Large 6 inch rectangular, internal graticule CRT 

• Trigger Level Lock and Variable Hold-off - for operating ease 

• DC Trigger Coupling - for low frequency signals 

• AUTO NORMAL and SINGLE SHOT sweep modes 



. =%_%»* 

GW's "ALTERNATE TRIGGERING" MODE 


\f\r\i\: 

v V v V 



WITH PROBES: 

$733 Sf $855 


WITHOUT PROBES: 

$698S« C| $815, 


* EMONfi INSTRUMENTS 

— A division of Emona Enterprises Pty Ltd 

ALSO AVAILABLE FROM: 

NSW David Reid Electronics 

TAS 

George Harvey Electronics Hobart 


Geoff Wood Electronics 


George Harvey Electronics Launceston 

1st Floor, 

720 George Street, Sydney, 2000 

OLD 

Baltec Systems Pty Ltd Brisbane 

WA 

Hinco Engineering Pty Ltd Perth 


Nortek Townsville 

SA 

Int’l Communication Systems Pty 

^ Phone: (02) 212-4599 

VIC 

Radio Parts Group Melbourne 


Ltd Port Adelaide 







































New R*oducts... 



Ferguson’s new “ferroresonant” type 
ELC line conditioners are designed to 
provide relatively constant output volt¬ 
age when there are substantial fluctua¬ 
tions in the supply voltage. The basic 
component of these units is a ferroreso¬ 
nant (constant voltage) transformer. 

The line conditioners are used in a 
number of applications where the fol¬ 
lowing characteristics are required: (1) 
constant output voltage regardless of 
supply variations; (2) isolation from 
electrical noise; (3) modification of 
waveform from square to sine wave; 
and a combination of the above factors. 

Six models are available with outputs 
between 160VA and 3500VA. They fea¬ 
ture a common mode electrical noise re¬ 
jection ratio greater than 120dB and are 
protected against output short circuits. 
They automatically respond to input 
voltage fluctuations and provide a sinu¬ 
soidal output irrespective of electricity 
supply voltage distortions. 

For further information contact Fer¬ 
guson Transformers Pty Ltd, 7 Moore- 
bank Avenue, Moorebank, NSW 2170. 
Telephone (02) 602 1222. 



Tennyson Graphics can do your 
photoplotting with the speed of light. 


Tennyson Graphics are Australia's only 
company with state ot the art laser photoplotting 
and computer graphics. 

So we can photoplot artwork masters of your 
printed circuit boards with higher speed, higher 
resolution and higher accuracy than anywhere else 
in the country. 

You can even choose your own non standard 
apertures on our Scitex Response 280 System. It can 
also do step-and-repeat and nesting up to 1000 mm 
x 1850 mm. 

And of course we can accept data on tape or 
floppy disk in industry standard Gerber format. 

Tennyson Graphics will be happy to give you the 
full story if you phone on (03) 579 0424. 

TENNYSON GRAPHICS 
A DIVISION OF REPROCART PTY LTD 
993 NORTH ROAD 
MURRUMBEENA VIC 3163 
TELEPHONE (03) 579 0424 
TELEX 34457 



Ultra-fast 10-bit 
D/A converter 

Datel has expanded its line of digital 
to analog converters (DACs) by intro¬ 
ducing the DAC-330 which is a mono¬ 
lithic, video speed, 10-bit, 100MHz 
DAC, with a 14MHz bandwidth multi¬ 
plying capability. 

Applications include use in industrial 
and commercial graphic displays, high 
definition video and high speed signal 
processing. The chip operates from a 
-5V power supply, and features a low 
power consumption, dissipating a maxi¬ 
mum of 1.48 watts. 

The DAC-330 is supplied in a 28-pin 
dual-in-line plastic package with an op¬ 
erating temperature range of -20* to 
+75° C. 

For further information contact El- 
measco Pty Ltd, 15 McDonald St, Mort- 
lake, NSW 2137.(02) 736 2888. 
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ALL YOU NEED TO 
KNOW IS ON SCREEN 

Delay Setting 30 Char User Counter/ DVM Readout 


Input Factors Input Timebase Timebase 



ONLY WITH THE 

0HITACHIV11OOA 

4 CHANNEL 8 TRACE 
100MHz DELAYED 
SWEEP SCOPE 


• Built-in DVM and Counter 

• Measures voltage and time differences and 
ratios between cursors and phase shifts 

• Four independent channels 

• User defined 30 character on-screen comments 


Check the full spec and 


arrange a demonstration 



COMPONENTS 


(V1100 A ONLY) 

IRH COMPONENTS 

SYDNEY 32 Parramatta Road. 

Lidcombe 2141 Tel (02)648 5455 
TLX AA24949 FAX (02 ) 647 1545 
MELBOURNE 74 Raglan Street. 

Preston 3072. Tel i03) 484 5021 
TLX AA32422 FAX (031 480 2772 
PERTH 5/59 East Parade 
East Perth 6000 Tel (09) 325 9333 


@ Australian 

Maritime College 

ASSOCIATE DIPLOMA 
IN MARITIME 
ELECTRONICS 
ASSOCIATE DIPLOMA 
IN MARINE 

RADIOCOMMUNICATION 


Switch on to an interesting and challenging 
career. Successful graduates of the Associate 
Diploma courses qualify for a wide range of 
positions in the public and private sector - as 
engineering assistants, technical officers, 
design draftsmen and technicians, or as radio 
officers. Opportunities exist with several 
Government departments and with private 
industry in the marine electronics and 
communications fields. 

Entry Requirements:Hsc or equivalent level 
passes in mathematics, a science subject and 
English. 

Course Duration: Two years full time. 

There are no tuition fees for Australian re¬ 
sidents. The courses are approved under TEAS. 
Both diplomas are recognised by the Aus¬ 
tralian Public Service Board and the Australian 
institute of Engineering Associates. 

Please send me more information on: 

□ Associate Diploma in Maritime Electronics 

□ Associate Diploma in Marine 
Radiocommunication 

Name_ 


Send to: The Admissions Officer. 

Australian Maritime College, 

PO Box 986, 

Launceston, TAS. 7250. 

Toll free telephone: (008) 030277 
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New Products... 


Bench top 
multimeters 

The new Fluke 367 benchtop mul¬ 
timeter features the combined analog/ 
digital display seen in the Fluke 70 
Series and the accuracy and input over¬ 
load protection found in the Fluke 20 
Series. 

The front panel features a 15 degree 
slope for optimum visibility and switch 
access, and the carrying handle offers 
rreater portability. A large storage com¬ 
mitment built into the rear half of the 
:ase allows the user to store test leads 
ind small accessories inside the meter. 

Other features include 0.1% basic DC 
iccuracy, wide bandwidth AC response, 
‘Touch Hold”, min/max and relative 
ecording modes, autoranging with 
nanual range selection, and a 
:ontinuity/diode test beeper. 

All current ranges, including the 10A 
ange, are protected by fuses. The 


resistance function is overload protected 
by 500V RMS, and both AC and DC 
voltage functions are protected to 
1000V RMS. 


For further information contact El- 
measco Instruments Pty Ltd, 15 
McDonald Street, Mortlake, 2137. Tele¬ 
phone (02) 736 2888. 


)esign programs for 
tower transformers 

A software package for the computer 
lesign of small power transformers has 
een released by Maneng Pty Ltd. It is 
uitable for Apple II and HE computers 
nd is aimed at the educational and 
obbyist market. 

Input specifications allow for three 
bindings of up to 2000V each, with two 
ips on each winding and with a maxi- 
lum 2000VA single phase total rating. 
Parameters which may be specified 
re temperature rise, impedance, cop¬ 
er loss, and core loss. If the design 
lecified is not practical, the program 
'ill request modification of the input 
deification. 

For further information contact Ma- 
eng Pty Ltd, 64 Brisbane Water Drive, 
loolewong, NSW 2256. Telephone 
143) 41 1940. 

'CB-mounting 
ower relays 

The new Fujitsu FRL270 series of 
liniature PCB mounted power relays 
•e now available from IRH Compo- 
snts. 

Measuring only 21.3 x 25.2 x 19.2mm, 
iey are designed for heavy duty, low 
Mtage, printed circuit board applica- 
ons in automotive and battery oper¬ 


ated equipment. 

A wide operating temperature range 
from -30°to +80°C is provided and the 
contacts handle 15A at 12V DC contin¬ 
uous and will handle 30A max overload 
current. Preferred coil operating volt¬ 
ages are 12V and 24V DC. 

Also available from IRH are the 
Fujitsu FMR 800 series of mercury wet¬ 
ted contact relays. These are now avail¬ 
able in total of eight packages. 

All relays in this series are designed 
for PCB mounting and feature epoxy 
sealed metal cases for immersion clean¬ 
ing. 

Depending on the type selected, a 
range of coil voltages from 5V DC to 


48V DC are available. Contact arrange¬ 
ments include single Form A, Form C, 
Form C latching and Form D. 

Switching capacities up to 100VA 
(500V or 2A DC max) are standard for 
the Form C and Form D while the 
Form A contact is rated at 50VA. 

Mercury wetted contacts ensure long 
mechanical life, stable contact resistance 
and bounce-free switching suitable for 
applications such as communications, 
data processing, measurement and con¬ 
trol systems. 

For more information contact IRH 
Components, 32 Parramatta Road, Lid- 
combe, NSW 2141. Telephone (02) 
648 5455. 
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General 
I/O boards 


The Mondotronic PIO-6U is a general 
purpose I/O board for IBM PC/XT/AT 
or compatibles. Based on the popular 
8255A-5 chip, it features 48TTL com¬ 
patible and programmable I/O ports. 

It is a short board and is switch 
dressable throughout the 10-bit PC-1( 
addressing range. 

Connections are via two 50-pin pola 
rised ribbon connectors fitted with ; 
positive lock/ejection mechanism. Signa 
connections are designed to allow eithei 
standard or twisted-pair ribbon cable t( 
be used. 

A 5V supply with a separate ground 
also supplied via the connector to powe 
possible external devices such as switch 
ing regulators, opto-couplers or pull-uj 
resistors. 

For further information contact Mon 
dotronic, 560 Waverley Road, Glei 
Waverley, Vic. 3150. Telephone (03 
232 4110. 


New Products... 


Network/communication 
boards for IBM PC 

Novatech Controls has released 
MetraByte’s new COM-485 board which 
allows IBM PC/XT/AT and compatible 
computers to be networked over the 
RS-485 bus. 

Unlike the RS-422 bus which allows 
multiple receivers but only a single 
transmitter on a bus, the RS-485 allows 
multiple transmitters and receivers to 
operate over a 2-wire bus, thus allowing 


a ‘party line’ network to be created. 

Applications for the COM-485 include 
networking instruments, scanning and 
updating various user input and output 
devices (such as CRTs and keyboards 
etc), and any other communication ap¬ 
plication that requires more than one 
device to be networked to a personal 
computer. 

For further information contact Nova¬ 
tech Controls Pty Ltd, 429 Graham 
Street, PO Box 240, Port Melbourne, 
Vic. 3207. Telephone (03) 645 2377. 


BRIGHT STAR CRYSTALS PTY. LTD.^ 


Wish to announce that with the introduction of New High Tfec 
equipment to our production line B.S.C. now offer a full range of 
STATE OF THE ART RESISTANCE WELDED CRYSTAL UNITS 


^ HC/49U I HC/50u HC/51u || HC/48u 

RESISTANCE WELD the seal of perfection for 
*Highset Accuracy *Very Low Ageing Rate 
Custom Crystal Units to your specifications, ALSO stock MICRO-P 
Crystals CUSTOM AND STANDARD Hybrid Clock Oscillators. 
Postal Address: PO EOX 42 Springvale, 3171. 

Phone: C03) 546 5076. Telex: AA 36004 
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ESCORT EDC-110A 
CAPACITANCE METER 

Check values and match capacitors for 
critical applications. Covers 200pF to 
20,000 microfarads. Three and a half 
digit LCD display with 0.5% basic 
accuracy. Maximum resolution is O.lpF. 
Fuse protection built-in. Complete with 
detailed manual and test clips $129.72. 



ESCORT ELC-120 
L/C/R METER 

Measures resistance, capacitance and 
inductance all in one handy instrument. 
Three and a half digit LCD display with 
typical 1% accuracy. Covers capacitance 
from 200pF to 200microfarads in seven 
ranges with 1% accuracy and O.lpF ma 
resolution. Inductance ranges are from 
2mH to 200H in 6 ranges with O.luH 
resolution and 2% accuracy. Also covers 
20ohms to 20Mohms in seven ranges 
with lOmilliohm resolution and 1% 
accuracy. Supplied with test clips and 
detailed manual $264.32. 


5V POWERED DUAL RS232 
TRANSMITTER/RECEIVER 
MAX232 

Yes it meets all RS232C specs but only 
needs a 5V supply because it has built-in 
converters for the +10V and -10V power 
supplies. Can also be used as a voltage 
quadruplerfor input voltages up to 5.5V. 
Also contains 2 drivers and receivers. Uses 
low power CMOS. Handles 30V input levels 
and provides a +9V output swing. Ideal for 
battery powered systems. $12.96 



ADJUSTABLE VOLTAGE & 
CURRENT REGULATOR 
L200C 

Handles output currents up to 2A and 
voltages in the range 32V down to 2.85V. 
Thermal overload and short circuit 
protected. Input over-voltage protected to 

60V Only $3.16 



Programmable voltage regulator with 
current limiting 



CONNECTORS 

9-Way “D” 


Backshell 
15-Way “D" 

DA15P 
DA15S 
Backshell 
25-Way “D” 

DB25P 
DB25S 
Backshell 
37-Way “D” 

DC37P 
DC37S 
50-Way “D” 

DD50P 

DD50S 

Centronics 36 Solder Male 
Centronics 36 Solder Female 
Centronics 36 I DC Male 
Centronics 36 IDC Female 


$2.30 

$2.40 

$2.20 

$2.80 

$3.00 

$2.20 

$3.05 

$3.20 

$2.20 


$9.00 

$9.80 

$6.45 

$9.50 

$10.50 

$11.85 


CONVERT YOUR 
MULTIMETER INTO A 
THERMOMETER 

See ETI June 83 which features a project 
using the AD590JH (ETI-153). The 
AD590JH produces an output current 
proportional to absolute temperature. It's 
ideal for remote sensing as long cable runs 
have negligible effect on accuracy over a 
hundred metres or more! The simplest 
circuit requires one resistor and one pot 
and a battery, but better to build the proper 
circuit and get an accurate lOmV/degree 
centigrade output to put into your DMM. 
The AD590JH is only $7.14 


Eddystone 
Die Cast 
Boxes 



The original die cast box!! Ideal for r.f. 
shielding and heavy duty applications. 
Sizes given are outside dimensions - 
92.1 x 38.1 x 27.0mm 

_ 119.1 x 93.6 x 52.4mm 

ED9830P 119.1 x 93.6 x 30.0mm 
ED6827P 187.1 x 119.5 x 52.4mm 
ED6357P 187.7 x 119.5 x 77.8mm 


CRYSTALS ™ 

Most popular crystals are available i 3432 mh z 
ex-stock. Call us for latest pricing. 2 MHz 


2.4576 MHz 3.6864 MHz 4.9152 MHz 

2.5 MHz 4 MHz 5.068 MHz 

3.2768 MHz 4.194304 MHz 6 MHz 
3.579545 MHz 4.433 MHz 8 MHz 


9.8304 MHz 16 MHz 
10 MHz 20 MHz 

12 MHz 
14.318 MHz 


8.30 to 5 Monday to Friday. 8.30 to 12 Sat. 

Mail Orders add $5.00 to cover postal charges. 

All prices INCLUDE sales tax. 


BANKCARD. MASTERCARD. VISA, CHEQUES 



GEOFF WOOD ELECTRONICS P/L 
(02)4271676 INC,NNSW 

229 BURNS BAY RD. TWX 71996 

(CORNER BEATRICE ST.) P.O. BOX 671 
LANE COVE WEST N S W. LANE COVE NSW. 2066 
OR CASH CHEERFULLY ACCEPTED 


specialising in electronic components for the professional and hobbyist. 
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New Products.. 


Funway Into Electronics 
— the movie 



Electronics is a fascinating and poten¬ 
tially rewarding hobby — for those who 
know the basics. The problem is, how 
does one get started? For the novice, 
finding out about the various parts and 
discovering what they do can seem a 
daunting prospect. 

Well, Dick Smith Electronics have 
thought about the problem and have 
come up with what would seem to be 
the ideal answer: a half-hour videomo¬ 
vie entitled “Funway Into Electronics”. 
This has been specially produced as an 
adjunct to DSE’s enormously popular 
book “Funway Into Electronics, Vol.l”. 

Although aimed mainly at secondary 


school students, the videomovie is ideal 
for any novice wanting to get started in 
electronics. It introduces the viewer to 
the most common electronic compo¬ 
nents, explains how each part works, 
and concludes with the construction of a 
few simple projects. These projects are 
all taken from the Funway book and in¬ 
clude a simple moisture detector and 
the now famous ‘beer-powered’ radio. 

Of course, the videomovie won’t turn 
you into an instant electronic expert. 
That’s not its purpose. Instead, the aim 
is to provide the absolute beginner with 
an entertaining introduction to electron¬ 
ics so that the book may be tackled with 
confidence. 

All the projects described in the Fun¬ 
way book can be built without lifting a 
soldering iron. Instead, the various 
parts are connected together by simply 
screwing their leads to a special plastic 
base (or breadboard). Special cut-out 
plans show where the parts actually go 
and all the projects are battery-powered 
to ensure complete safety. 

In all, there are some 20 projects de¬ 
scribed in “Funway Into Electronics, 
Vol.l”. The book also includes a sec¬ 
tion which outlines the operation of 


each component (in greater detail tha 
the videomovie), shows what its circu 
symbol looks like, and describes marl 
ing codes. 

In short, Dick Smith Electronics hav 
come up with a well thought out pad 
age that should appeal to schools and t 
would-be electronics enthusiasts alik 
And because the two are designed t 
marry together — the videomovie ar 
the book — Electronics Australia ar 
Dick Smith Electronics have combine 
to bring you the special offer shown c 
the facing page. 

Here’s what you get: 

• a two-year subscription to Electroni 
Australia ; 

• the Funway Into Electronics videom 
vie (available in VHS and Beta); 

• a project kit which includes the Fu 
way Into Electronics book plus all tl 
necessary components to make up tl 
20 projects described in the book. 
The above package costs just $9 

which represents a saving of just ov 
$26 off the regular retail price. It mak 
an ideal Christmas gift and can be or 
ered from your nearest Dick Smi 
Electronics store or via the DSE he 
line: (008) 22 6610. 



If your Transceiver uses Micro 
Components, then we 

PRIMARY POWER 
PROTECTION 

... protects your transceivers memory against spikes, glitches, 
lightning, on-off switches, electric motors etc. Max. peak surge 
current up to 4500 amps; transient energy absorption up to 
75 joules. 

Westinghouse Systems 

80-86 Douglas Pde„ Williamstown, Vic. 3016. Tel: (03) 3971033.Tlx: 37477. 

Ask for Fred - VK3AFR 


N.S.W.: Bryan Catt Industries P/L. Tel: (02) 5262222. 

QLD: Colourview Wholesale, Tel: (07) 2753188. S.A.: F.R. Mayfield P/L. Tel: (08) 2123161. 
W.A.: Geo. Moss P/L.Tel: (09) 4468844. 
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PIF3-1A 1 AMP 2 STAGE +E.L.C. $88 
P1F3-3A 3AMPS 2 STAGE +E.L.C.$91 

PIF3-6A 6AMPS 2 STAGE +E.L.C.S96 

PIF3-10A 10AMPS 2STAGE -t-E.L.C. $102 
Plus Sales Tax if applicable Add pack/post 
Bankcard and Visacard. Vic & NSW only. 

















Start In 



Hobby 

Your Complete 
Kit! 

20% OFF 


2 YEARS Subscription to Electronics Australia. 

20 Electronics Projects in a box. (Cat K-2605) 

Video — Introduction into Electronics 
VHS/BETA 


$ 70 8 ® 

* 24 50 


$ 29 95 

Sag? 

dw — your price only $ 99 



MITED STOCK — Hurry, beat the Xmas rush! 



rder through Hotline (008)22 6610 or any DSE Store 



• NSW • Albury 21 8399 • Bankstown Square 707 4888 • Blaoktown 871 7722 • Blakehurst 546 7744 • Bondi 
Junction 3871444 • Brookvale (Warringah Mall) 93 0441 • Campbelltown 27 2199 • Chatswood Chase 41119 55 

• Chullora 642 8922 • Gore Hill 439 537 1 • Gosford 25 0235 • Hornsby 4776633 • Liverpool 600 9888 • Maitland 
33 7866 • Miranda 525 2722 • Newcastle 611896 • North Ryde 88 3855 • Parramatta 689 2188 • Penrith 32 3400 

• Railway Square 2113777• Sydney City 2679111 • Tamworth 66 777 7• Wollongong283800• ACT • Fyshwick 
80 4944 • VIC • Ballarat 31 5433 • Bendigo 43 0388* Box Hill 890 0699 • East Brighton 592 2366 • Coburg 
383 4455 • Essendon 379 7444 • Frankston 783 9144 • Geelong 43 8522 • Melbourne City 67 9834 • Richmond 
428 1614 • Springvale 547 0522 • QLD • Brisbane City 229 9377 • Buranda 391 6233 • Chermside 359 6255 

• Redbank 288 5599 • Rockhampton 27 9644 • Southport 32 9863 • Toowoomba 38 4300 • Townsville 72 5722 

• Underwood 341 0844 • SA • Adelaide City 232 7200 • Darlington 298 8977 • Enfield 260 6088 • Salisbury 
2811593 • WA • Cannington 4518666 • Fremantle 335 9733 • North Perth 328 6944 • Perth City 48) 3267* TAS 

• Hobart 31 08 m - ’-' T - “■ —• -- 
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YOU’RE 

invitee 


To come and 
browse through our 
range of proven kits 
by 


JAYCAR 

NOW AVAILABLE IN 

ADELAIDE 


Amplifiers, Tuners, 
Equalisers, Mixers, Decoders, 
Speakers, Test Equipment, 
Modems, Video Convertors, 
Musicolour, Model Railway, 
Dimmers, Chargers, Alarms, 
Power Supply, Auto, 
Robotics, Crossovers, Public 
Address, Strobes, Detectors, 
Synthesisers. 


Sav « 


Discover how easy it is to 
build a quality kit of your 
choosing for half the cost of a 
similar commercial unit. 


Please come to 

ELECTRONIC 

DISCOUNTERS 

305 Morphett St. 
Adelaide, SA 5000 
(08) 212-1799 



“Electronics Australia” Is one of the longest running technical publications in the 
world. We started as “Wireless Weekly” in August 1922 and became “Radio ant 


Hobbies in Australia” in April 1939. The title was changed to “Radio, Televisioi 
and Hobbies” in February 1955 and finally, to “Electronics Australia” in Apri 
1965. Below we feature some items from past issues. 



November 1936 


Electric String Pick-Up: at the suggestion 
of the Philadelphia Symphony Orchestra, 
the Brush Development Company 
worked out an efficient amplification de¬ 
vice to be applied to stringed musical in¬ 
struments. The volume derived from one 
bass viola under such an arrangement is 
comparable to ten times the volume pro¬ 
duced by a complete section of double 
basses in the orchestra. 

The assembly consists of two small 
plates of piezoelectric crystals enclosed in 
a tiny case. The plate containing the crys¬ 
tal is attached to any part of the instru¬ 
ment with adhesive tape. 


Women Can’t Fly: (by a flying instructor 
most women who take up flying do it ou 
of sheer bravado. On the question o 
teaching women to fly, the averag 
woman is a fairly apt pupil, up to th 
landing stage. But her judgment, particc 
larly for approaches and landings, is ver 
poor indeed. It takes a long time to 
the principles of the two into her heac 

Any time, I would sooner teach a ma 
to fly, because although it takes a littl 
longer, the ultimate result is certainl 
much more gratifying. 

Largest Radio Network: the Nation: 
Broadcasting Corporation of Americ 
which will celebrate its tenth anniversar 
this year is the largest broadcasting ne 
work in the world and the innovator 
the system of sponsored broadcasting. 

The programs broadcast by the NBi 
over a period of a year number approx 
mately 40,000. Over half a million artis 
take part in more than 14,000 programn 
hours. Gigantic fees are paid to those ai 
ists, fees which can never be paid by ai 
other broadcasting company. 


IIAIM0. 


TIIIVISION 


November 1961 

Commercial Satellites: following the ini¬ 
tial successes with satellite communica¬ 
tion, British and American engineers 
plan to cooperate closely to evaluate the 
technique and possibly develop it to the 
point where it becomes a major medium 
of international communication. 


European Satellite: The announceme 
that the German Government is willing 
principle to participate in a European c 
ganisation for the development of spa 
vehicle launchers, as proposed by t 
United Kingdom and French Govei 
ments, has focussed attention on the Bi 
ish Blue Streak first stage launcher. 

Although the part that satellites a 
the mastery of space will play in the 1 
ture cannot be wholly foreseen, the i 
wards to be gained from such applicatio 
as satellite communication systems 
obviously great indeed. 


Rural TV: the Postmaster-General re¬ 
cently announced dates for the opening 
of the 13 national TV stations in rural 
areas. They are at Canberra, Newcastle, 
Wollongong, Orange, Richmond-Tweed, 
Bendigo, Ballarat, Latrobe Valley, Goul- 
burn Valley, Darling Downs, Rockhamp¬ 
ton, Townsville and Launceston. 


Colour VCR: (caption) the equipnu 
pictured above has been adapted for f 
colour recording — the first time this h 
been achieved with a single-head ir 
chine. It was demonstrated in Tokyo 
the Tokyo Shibaura Electric Compar 
The unit is claimed to be simple to op< 
ate and adjust and is free of many pecu 
arities encountered with the four he 
system of recording. 
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NOVEMBER CROSSWORD 



ACROSS 

I. Labour-saving form of slave 
labour. (10,5) 

8. Caused a circuit fault. (7) 

10. Radio base. (7) 

II. Typical antenna site. (4) 

12. Video output. (5) 

13. Deliberately interferes with 
radio transmissions. (4) 

16. Adhesive label. (7) 

18. Record cover. (6) 

20. Basic unit of 12 across. (3) 

SOLUTION 
FOR OCTOBER 



22. Part of a horn speaker. (6) 

24. Electrochemical layer. (7) 

28. Units of work in CGS sys¬ 
tem. (4) 

29. Levels of application. (5) 

30. Thirteenth word of phonetic 
alphabet. (4) 

33. To power two. (7) 

34. Data taken from a meter. 

(7) 

35. Device used by a model- 
train enthusiast. (5,10) 

DOWN 

1. Add component into a cir¬ 
cuit. (6) 

2. Fault in a recording. (4-3) 

3. Takes an examination. (4) 

4. Allocate (frequency, etc). (6) 

5. Authority in the recording in¬ 
dustry. (1,1,1,1) 

6. Type of electronic device, the 

bucket-. (7) 

7. Heavy light element! (8) 

9. Controlled meter needle 
movement. (6) 

14. Said of a system based on 
eight.(5) 


15. A computer language. (5) 
17. Common form of ferrite. (3) 
19. These cause responses 
measured with strain gauges. 
( 8 ) 

21. Alter keyboard instrument 
to produce different keys. (6) 
23. Again measure wire size. 
(7) 


25. Current in a light globe 

surges in the- 

stage. (7) 

26. Place for radio broadcast¬ 
ing. (6) 

27. Circuit tester. (6) 

31. State-wide network of 
power cables. (4) 

32. Metric prefix. (4) 


Allen-Bradley MOD POF-Now you can 
have the best when yon want it. 


Because the Allen-Bradley Mod Pot, which has a world¬ 
wide reputation for consistent quality and performance, 
is assembled right here in Australia at our newly- 
established Mod Pot assembly centre.The entire 
standard Mod Pot range is now 
available for extra fast delivery 
to anywhere in Australia - 
Allen-Bradley, the company 
you can rely on. 

FEATURES: 

• Hot moulded Carbon. 

• Cermet. 

• Conductive Plastic. 

• Single or Concentric 
shafts. 

• Push/Pull or Rotary 
switches. 

• PC Pin Type or Lug 
terminals optional. 

• Vernier Drives, 4 or 
16 turns. 


The most versatile standard 
today - mix and match the aj 
for over 1 billion possii^1i|l 




3 or 4 control 
me family of variable 
^ irs to solve your unique control 
problems. 


Call your Allen-Bradley 
Electronic Components 
Sales Centre today, and 
you’ll be amazed at how 
fast we will deliver. 



ALLEN-BRADLEY 

A RDCKWELL INTERNATIONAL COMPANY 
Design excellence and quality in the best tradition. 


VIC. 37 Chapman Street, Blackburn, 3130. Ph. 899 0335 
N.S.W. 22 Parramatta Road, Lidcombe, 2141. Ph. 648 2652 
QLD. 1925 Logan Road, Upper Mt. Gravatt, 4122. Ph. 343 7900 
W.A P.O. Box 23, Subiaco, 6008. Ph. 3871702 
S.A. K. D. Fisher, P.O. Box 170, St. Marys 5042. Ph. 277 3288 
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Compact Disc Reviews „ 



TCHAIKOVSKY 


Romeo and Juliet 
The Nutcracker Suite 
Berlin Philharmonic conducted by 
Herbert von Karajan. 

Deutsche Grammophon CD 410 873-2 
DDD 1983 

Playing time: 42 min 20 sec. 


PERFORMANCE 

1 2 3 4 5 6 7 8 9 10 


SOUND QUALITY 

1 2 3 4 5 6 7 8 9 10 


The Fantasy Overture Romeo and 
Juliet is one of Tchaikovksy’s early 
spectacular orchestral works and was 
composed in 1869 to a basic plan sug¬ 
gested by Balakirev to whom the work 
was dedicated. It was an immediate suc¬ 
cess with its powerful and dramatic 
melodies and has become a concert 
favourite. 

The Nutcracker Suite would clearly 
be Tchaikovsky’s most popular and 
well-known composition, although if 
you read my review of Swan Lake in 
the August issue you will expect me to 
advise against this disc because it is not 
the complete version — and I will; but 
this is different. 

The Nutcracker Suite was the only set 
of pieces, of the three ballets put to¬ 
gether by the composer to form a con¬ 
cert work in itself. The suites from 
Swan Lake and the Sleeping Beauty 
are not Tchaikovsky’s arrangements. 
Hence, this disc does really contain two 
complete Tchaikovsky works. 


However, I still feel the complete 
Nutcracker is still the only one to buy! 

While this is a late recording and has 
virtually no background noise, it still re¬ 
flects the tendency of many DGG 
recordings to favour the strings and sub¬ 
due the woodwind and brass. 

The acoustics are quite good and ex¬ 
hibit the moderate amount of natural 
reverberation expected from a large 
hall. 

The players need no introduction and 
clearly show their skills but I did not 
like Karajan’s tempos. The fiery Romeo 
and Juliet was much too sluggish and 
lacking the sparkle of some previous 
recordings while the Nutcracker was 
really a little too rushed, though with 
the skill of these performers it did not 
appear to suffer in detail. (R.L.C). 


* 

BEETHOVEN 

Kl WII HKON/I RII 

pij 

•X 

VLADIMIR 

. s 

Sv 


$ 
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BEETHOVEN 


Piano Concerto No.2, B flat major. 
Piano Concerto No.4, G major. 
Vladimir Ashkenazy piano. 

The Vienna Philharmonic conducted by 
Zubin Mehta. 

Decca CD 411 901-2 
Playing time: 65 min 34 sec. 

PERFORMANCE 

1 2 3 4 5 6 7 8 9 10 


SOUND QUALITY 

1 2 3 4 5 6 7 8 9 10 


Just before the turn of the seventeenth 
century Beethoven had a dual career as a 
pianist and composer. Working hard on 
his piano technique, he travelled exten¬ 
sively and is known to have performed his 
own concertos on six occasions in Vien- 
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na, three in Prague, one in Pressburg an 
possibly one in Berlin. 

However, from 1800 onward the insid 
ous process of deafness began to take i 
toll, and he never actually performed h 
fifth concerto. By 1816 he was almo 
completely deaf and the thrill of phy: 
cally performing in front of an audiem 
was fast becoming a theoretical memor 

This disc offers excellent value f 
money with two concertos and long pla 
ing time. 

The recorded sound of the piano 
quite magnificent, although I prefer V 
Clibum’s interpretation of the fourt 
Nor was I fully at ease with the orchesti 
accompaniment which I felt could ha 
been more articulate. 

It is a very bright recording and t 
miking appears to favour the strings, 
the detriment of the wonderful woodwi; 
parts in these works, particularly in t 
fourth. 

As ever though, the CD format is s 
perb with its quiet background. As 
bonus, this disc comes with detailed nol 
on the works, and on the use of cadera 
by Beethoven. (R.L.C.) 


STRAVINSKY 

DEBUSSY 


The Firebird Suite (1910) 

Afternoon of a Faun 
The Los Angeles Philharmonic Orch 
tra conducted by Erich Leinsdorf. 
Sheffield lab CD-24. AAD 1985 
Playing time: 38 min 12 sec. 


PERFORMANCE 


SOUND QUALITY 


The Firebird ballet was written 
1909-10 and the first performance v 
on June 25, 1910 under the baton 
Gabriel Pierne and amongst the an 
ence, and one of the first to congra 
late the composer, was Claude Debus 
The work was conceived by Diaghi 
and after unsuccessful attempts by L 
dov and Tcherepnin they were fin: 
given to ‘the young Igor’, who rose 
the occasion. 

Debussy’s Prelude a L’Apres-N 



























of the Firebird from Telarc which prom¬ 
ises to be much better. I hope to bring 
it to you next month. (R.L.C.) 



’un Faune was written after the latest 
fork of the symbolist poet Mallarme. 
Composed under the influence of Wag¬ 
er, it is a somewhat abstract work in 
hich nothing is unequivocally stated. 

I was very interested to review this 
isc, being familiar with the Sheffield 
,ab’s superb direct-cut LPs of some 
ears ago, such as Lincoln Mayorga 
'olume III and the King James Version 
3arry James). 

Sheffield go into much detail (three 
ages of pizzaz) discussing the musical, 
schnical and human problems of direct 
xording. On Leinsdorf they say “He 
as gone up the mountain and bashed it 
1 out with God, or his surrogate.” 
ow really what is this band of hifi nuts 
>ming too? True, Leinsdorf and the 
chestra do a fine job but let’s leave it 
that. 

They describe the magic of their tech- 
cal genius with: “This live perform- 
lce was recorded with a single-point, 
ereo microphone using tube electron- 
s designed and built by Sheffield Lab. 
tiis microphone technique was em- 
oyed to optimally capture the natural 
:oustic perspective of the orchestra’s 
;rformance.” 

This may be true but this natural per¬ 
fective just sounds as though you are 
ting in a boomy barn some 20 metres 
Dm the orchestra with background 
pe hiss continuo. I don’t really care by 
lat process modern technology de¬ 
ers the goods, it is the final audible 
suit that counts. 

If it was from a popular company I 
)uld say this disc was so-so, but this is 
omoted as direct from the master by 
leffield Lab and sells for $35.95! 

For all their tube electronics and ana- 
l recordings the result is noisy and 
ould be fixed. You don’t ask an artist 
paint on a dirty canvas. 

I have just received another version 


TIM FINN 


Big Canoe 

Virgin Records CDV2369 DDD 
Playing time: 52 min 3 sec. 

PERFORMANCE 

1^^^^ 4 5 6 7 8 9 10 


SOUND QUALITY 

^^^^^^^ 5 6 7 8 9 10 


This is Tim Finn’s second album since 
the break-up of of the band Split Enz. It 
bears witness to both his New Zealand 
origins and his ability to produce consis¬ 
tently catchy as well as thoughtful lyrics 
and tunes. 

The title track, “Big Canoe” is perhaps 
the most evocative of the ‘homeland’. 
The lyrics have connotations of a Maori 
legend, and the tune has a Polynesian 
percussion sound to it that would not 
have been out of place in the musical 
“South Pacific”. 

It’s a catchy, emotional song helped 
along by its anthem-like chorus. I 
couldn’t help enjoying the nationalist 
feeling which it produces through the use 
of a full-sounding orchestral strings ar¬ 
rangement and strong choir-like backing 
vocals. 

“No Thunder - No Fire - No Rain” ex¬ 
hibits a poltical feeling for which New 
Zealand is well known, and seemed to me 
an indictment of the Bhopal disaster in 
India. The lyrics and the sounds of Indian 
percussion, especially the Tabla drums, 
help to conjure up this image. 

Three other tracks apart from these 
struck me as (dare I say it) top 40 materi¬ 
al. “ Spiritual Hunger”, which has been 
released as a single, features the talents 
of ex-Swinger Phil Jud. “Don’t Bury My 
Heart” - another full sounding piece, is 
reminiscent of Jeff Lyn’s use of strings in 
ELO. And “Hyacinth” is notable for the 
harp and sitar in the last stages. 

With twelve songs in all, this is a CD to 
suit any mood, ranging from good back¬ 
ground pop like “Searching the Streets” 
and “Hole in my Heart” to the goose- 
bumpy thoughtfulness of “No Thunder - 
No Fire - No Rain”, and a smattering of 
boppy brass and sax songs, like 
“Timmy”, which were just made for 
dancing. 

My only criticism is of the sound quality 
on some of the brass arrangements. On 
headphones they sounded distorted, but 
this was not noticeable during casual lis¬ 
tening via my loudspeakers. (L.U.) © 



SPECIAL BSK 6RAM0 
MOTOR AND PICKUP»» 

includes cartridge and 
stylus .unwv®' $1 5 

INTERSTATE $4 20 WA, NT $5,20 


SUPER SPECIAL 

FM STEREO KITS 

World famous make. Set! 
of 3 modules includes 
FM Tuner, Decoder 
and IF detector. Circuit 

ONLY $22 
P.P. $1.90 


BELT SUPER '~<*' SPECIAL 

DRIVE 



SPECIAL c 9 

BALANCE 

meters pp|9p pp 

CENTRE ZERO - w i. 

SPECIAL DUAL VU METERS 

$3 

TOUCH MICRO SWITCHES 

TRANSISTORS 

AD 161-162 SI pair 
AD 1 49 $2 pair 

MICRO SWITCHES 

5A 250 volt 50c. 

EF8BS5 

IF s 455kHz 

VALVE SOCKETS 

7 pin 4 for $1 

OSCILLATOR COILS 

75c 

9 pin 4 for $1 

OCTAL 4 for $1 

TAG STRIPS 5 MIXED ROTARY SWITCHES 

MIXED SWITCHES 1 CHROME Va PUSH ON KNOBS 

12 for $4.50 | 10 for $1 

MIXED RESISTORS SLIDE POT KNOBS 

100 for $2 all handy values 10 for $1 

SHIELDED CABLE 

Single strand. 

25 metres for S2.50 

MIXED CAPACITORS 

Fresh stock 100 for S2 

TOGGLE SWITCHES | 

TV COLOUR CRYSTALS 

4433 —619kHz $2 

TRANSISTOR EARPIECE 
PLUG & LEAD 4 for $1 

1 VALVES: 

6 BQ5 S5, G BM8 $5 
6BL8S4 

STICK RECTIFIERS SPARK GAPS 

TV 20 SC SI each 10 for SI 

CAR RADIO SUPPRESSORS THERMISTERS 

4 for SI 4 for SI 

SI 

2 Meg dual 

LIDE POTS 

2^Meg single ^ 50c 

OQppuas — pajs., 4 ou su.a 4 

» V o,o S pa J pun H - ( .,|io ) d«.otr 
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PC birdies 
won’t stop 

I recently built the PC Birdies project 
(May 1981) but am unable to get it work¬ 
ing properly. I followed the instructions 
to the letter but instead of using the 
74C14 IC, I used the equivalent 40106 
from National Semiconductor. 

When I switched it on for the first time, 
all I heard was a continuous high pitched 
whistle with a very fast trilling. I thought 
that the chirp oscillator may need adjust¬ 
ing so I changed the 47k resistor to a 
series of resistors totalling around 150k 
and found that the sound now resembled 
that of a starling. 

I would like to know how to make the 
proper sound as I am getting quite frus¬ 
trated with this circuit but would like to 
see it through to completion if I could. 
(J.M., Christchurch, NZ). 

■ No problem, J.M. Just use the 74C14 
IC specified in the original article. The 
40106 has quite different hysteresis volt¬ 
ages and this is why your circuit is gener¬ 
ating higher frequencies. 

Problem with AM 
stereo decoder 

I would like your advice about the AM 
Stereo Decoder (EA, October 1984) that 
I assembled from a kit and installed in the 
Playmaster AM/FM Tuner described in 
November 1978. 

Adjusting the slug in coil LI has no ef¬ 
fect on the voltage on pin 19 of the IC, 
which remains steady at 3.7V, and the 
voltage on pin 10 remains too high at 
about 6.5V. Tuning in a station has no ef¬ 
fect on these readings, and the pilot LED 
does not light up. 

The output voltage of the LM317 is 
correct at 8.3V. I have replaced the three 
capacitors connected to LI, and the coil 
itself as I had a suitable former in my 
junk box, but these changes had no ef¬ 
fect. 

Reception of FM by the tuner is, of 
course, not altered, but AM reception is 
now very weak with a loud superimposed 
hum and is not stereophonic. (K.K., East 
Brighton, Vic). 

■ The 6.5V reading at pin 10 is quite OK. 
It should simply be greater than 4.3V to 


indicate that the VCO is in lock. Similar¬ 
ly, the 3.7V at pin 19 indicates that the 
oscillator is operating correctly. 

Your problem is probably due to the IF 
signal level on pin 3 of the MC13020P 
being incorrect. To set the correct level, 
monitor the DC voltage on pin 4 and ad¬ 
just the series resistor to pin 3 until the 
meter reads about 2.5V. 

Having said all that, our experience 
with the 1978 Playmaster AM/FM Tuner 
is that it is not a good candidate for stereo 
conversion. Its local oscillator is not suffi¬ 
ciently stable, and its tuning is quite criti¬ 
cal. 

Problem with 
50V/5A power supply 

I recently built the 50V/5A switchmode 
power supply as featured in your maga¬ 
zine some time ago (June 1983). 

Unfortunately, on two occasions the 
output transistor has blown when a load 
has been switched in. When this happens, 
the output voltage jumps immediately to 
50V and the overload lamp comes on. 
Coupled with this has been overheating 
of the 120 ohm 0.5W resistor in series 
with the potentiometer. 

I would be grateful for any assistance 
you may be able to give to cure this prob¬ 
lem. (G.W., Winston Hills, NSW). 

■ The BD139 transistor (Ql) has prob¬ 
ably been installed back- to- front. Note 
that the package outline drawing on the 
circuit diagram shows the base and emit¬ 
ter leads transposed. The same error was 
repeated in the MK.II version published 
in May 1985 and was only recently 
brought to our attention. 

Crystal oscillator 
won’t start 

I have a problem with your Digital Fre¬ 
quency Meter described in December 
1981. 

The crystal oscillator will not start 
when the unit is switched on cold. On a 
warm day there is no problem. Applying 
heat to the crystal area with a hair dryer 
also causes the oscillator to run. Use of 
freezer spray in the same area causes the 
oscillator to stop. 

I tried reducing the 22M resistor to 
10M as advised in previous correspond¬ 
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ence but no improvement. I also change 
the 10MHz crystal and the 39pF capacit< 
and the result is still the same - the osci 
lator will not run when cold. (G.B 
Merewether, NSW). 

■ We suggest that you first check the on 
put from the +5V regulator. If this is c 
the low side, it could be the cause of yo 
problem. 

However, it seems more likely that tl 
ICM7216A counter chip is at fault. V 
don’t recommend that you replace 
though - it sells for about $70, so the ex< 
cise would be rather expensive. 

Instead, we suggest that you try fee 
ing the 7216A with an external crystal ( 
cillator. To do this, remove all comp 
nents across pins 25 and 26 of the 721f 
and feed the external timebase signal < 
rectly to pin 25. 






Although we haven’t tried it, the 
companying circuit should make a sal 
factory 10MHz crystal oscillator. It 
based on a single low-cost 74LS04 T 
chip. 


Modifying the 
Playmaster 60/60 

I have read with interest the series 
articles describing the Playmaster 60 
stereo amplifier and am impressed w 
its specifications and constructional si 
plicity. It appears that this amplifier n 
form the basis for updating my pres< 
unit. 

At present, however, I operate a p 
of loudspeakers with electronic cro 
overs. A replacement amplifier needs 
facility to make input and output conn 
tions between the pre and main pov 
amplifiers. 

In view of the above, would you pie 
advise whether and how: 

(1) preamp outputs and power amplii 
inputs may be provided; 
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(2) a second power amplifier may be con¬ 
structed on the 60/60 PCB - ie, without 
the controls, preamp etc; 

'3) the original 60/60 power supply may 
ie used for the additional power ampli¬ 
fier or whether the power supply should 
)e duplicated. (G.B., Dalkeith, WA). 

I We elected not to provide separate 
jreamplifier outputs and power amplifier 
nputs on the Playmaster 60/60 for two 
easons: to simplify construction and to 
ninimise cost. However, it should be 
>ossible to break the signal chain at the 
viper on the balance control to provide 
hese facilities. 

Note that the necessary connections 
etween the balance control and the 
xtra sockets would have to be run using 
hielded cable. 

It is perfectly feasible to construct 
eparate power amplifier stages on an¬ 
ther PCB. Just leave out the circuitry for 
ie tone controls and the input preampli- 
er stages. It will, however, be necessary 
) duplicate the power supply. 

Jack-up for 
00VA inverter 

Recently I built, for a neighbour of 
ars, the EA 300VA inverter. This is 
inctioning correctly and he seems happy 
ith its performance. 

This same neighbour normally runs his 
)use from a diesel generating set (also 
larging household batteries). He has 
ked me to find out if it would be possi- 
e to run his house (in the event of 
eakdown in his main system) from his 
incoln electric welding unit which puts 
jt 240VDC, by eliminating the trans- 
rmer in the inverter and substituting 
igraded power transistors (240V). 

I realise this sounds a little rough and 
ady but it is intended for emergency 
e, as we are a long way from the mains 
>wer grid and he is not financial enough 
afford the cost of a backup generator 
the regular type. 

Any help you may be able to give will 
greatly appreciated. (R.D., Nimmita- 
I, NSW.) 

Your proposition is an interesting one 
d one that might work in a pinch, 
lere are several points to be considered 
augh. 

First, the regulation of a welder may 
t be good enough to run household ap- 
ances without the possibility of damage 
>m over-voltage. Similarly, the output 
the welder’s generator (or is it an alter- 
tor?) may have large DC spikes from 
; commutator which could cause prob- 
ns. In theory, many household appli- 
ces could be run from 240VDC. Heat- 
;, lights and appliances with universal 


motors will all run from DC. However, 
other appliances containing transformers 
or induction motors would not run. 

If you wanted to use the welder’s DC 
output to generate 240VAC at 50Hz, you 
would not use the inverter circuitry. In¬ 
stead, you would require a DC to AC 
converter which would need a set of four 
high voltage transistors (or maybe tran¬ 
sistors in parallel to obtain the necessary 


current rating) in a bridge configuration. 

The transistors could be driven with a 
sinewave or in pulse width modulation to¬ 
gether with a filter to obtain a sinewave 
output. 

Unfortunately though, having set out 
the theory, we are not in a position to 
help you put it into practice. A more 
practical standby may be to hire or pur¬ 
chase a small petrol powered generator. 


Notes and Errata 

FENCEMASTER ELECTRIC FENCE 

(October 1986, 3/MS/-): The 470k resis¬ 
tor connected to the anode of PUT Q3 
should be replace by a 1M resistor to en¬ 
sure reliable cycling. 

240V LAMP SAVER (June 1986, File 
2/PC/45): the parts layout diagram shows 
two resistors transposed. The 100k resis¬ 
tor connected to the base of Q1 (in the 
right hand comer) should be 1M while 
the 1M resistor next to D5 should be 
100k. The circuit diagram is correct. 

Note that the circuit will still work as 
shown, although the soft start character¬ 
istic will be altered slightly. 

Constructors should also note that the 


circuit will not work correctly with a 1W 
zener diode. The 18V/400mW zener 
specified must be used. 

EXTRA CHANNELS FOR THE DSE 
EXPLORER (September 1986, File 
2/TR/63): the circuit diagram shows pins 
3 and 7 of the 4008B transposed with pins 
8 and 9. The parts layout diagram is cor¬ 
rect. 

PLAYMASTER 60/60 STEREO AMPLI¬ 
FIER (May-July 1986, File l/SA/75): 
some readers have reported overheating 
of the output transistors and the heatsink. 
This problem is due to the fact that retail¬ 
ers are supplying a steel chassis whereas 
the prototype used a black anodised alu¬ 
minium chassis which had much better 
heatsinking characteristics. In addition, 


j jfel An other Brilliant 
Release From 
Vifai 



VIFA EA 60/60 
KIT SPEAKERS. 



The value and the sound get better 
and better! 

As you probably know, the value of kit 
speakers has never been greater than 
it is today. Our falling dollar, together 
with the rate of import duty, freight costs 
and other handling charges make fully 
imported loudspeakers almost a super 
luxury item. On the other hand, kit 
speakers can offer the same - and in 
most cases better - drivers and cross¬ 
overs and cost far, far less and sound 
far, far superior. 

A perfect example of the sound of 
excellence. 

The new Vifa loudspeaker kit has been 
designed to completely outperform any 
similarly priced speakers. This is a 2-way 
design incorporating drivers which give 
a deeper, more natural bass response 
and 19mm soft-dome ferro fluid cooled 
tweeters which provide clear, uncoloured 
sound reproduction. 

VIFA drivers are 
used in such fine speakers as 
MISSION, ROGERS, BANG & OLUFSEN, 


MONITOR AUDIO. HAVBROOK |USt to 
mention a few Some of these speakers 
cost well over $1000 a pair 
The dividing network is of the highest 
quality and produce no inherent sound 
characteristics of their own; they simply 
act as passive devices which accurately 
distribute the frequency range between 
both drivers in each speaker 
The ideal Bookshelf Speakers. 

The fully enclosed acoustic suspension 
cabinets are easily assembled and are 
perfect for bookshelf use or on speaker 
stands All you need are normal 
household tools and a couple of hours 
enjoyable application and you've built 
yourself the finest pair of speakers in 
their class 

For further information and the name of 
your nearest Vifa stockist, please contact 
the Sole Australian Distributor: 

SCAN AUDIO PTY. LTD. 

52 Crown St., 

Richmond 3122. 

Phone (03) 429 2199. 
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the ventilation slots in the kit versions are 
smaller than those of the prototype. 

The cure is simple and effective. To 
eliminate the possibility of thermal run¬ 
away of the output transistors, the VBE 
multiplier transistor (Q12) in each chan¬ 
nel should be replaced by an MJ340 tran¬ 
sistor. This will give vastly improved ther¬ 
mal tracking and will keep the quiescent 
current virtually constant with increasing 
temperature. 

The new transistor should be bolted to 
the heatsink using a mica washers for in¬ 
sulation and with heatsink compound 
smeared on all mating surfaces. Note that 
the base and collector leads of the MJ340 
must be crossed over to suit the hole loca¬ 
tions left by the original BC547. The ac¬ 
companying diagram shows the details. 



Finally, to compensate for the lower 
VBE of the MJ340, the 470 ohm resistor 
between the base and collector of Q12 
should be increased to lk. 


Preamplifier 

continued from page 69 

phono output to the disc input plus a 
tuner, CD and auxiliary unit (if avail¬ 
able) to their respective inputs. A tape 
player can be connected to the tape in 
the tape out terminals. 

The output left and right terminals 
connect to the inputs of a power ampli¬ 
fier or to the tape monitor input of an 
integrated amplifier. The amplifier is 
powered using the mains socket at the 
{ear of the IR preamplifier. 

For best results, press the normal 
switch and set the volume indication on 
the level set display to mid setting. Now 
set the volume control of your inte¬ 
grated amplifier to normal listening 
level. The volume can now be adjusted 
with the IR Remote Preamplifier con¬ 
trols. 

Note that the VR1 and VR201 trim 
pots adjust the output level of the 
preamplifier. This can be set to give suf¬ 
ficient sensitivity for your amplifier, (j, 


SCREECHER CAR BURGLAR ALARM 

(August 1986, File 3/AU/49): due to an 
oversight, an incorrect PCB artwork was 
sent to some PCB manufacturers. This in¬ 
correct artwork can be quickly recognised 
by inspection of the il and i2 terminal 
labels, which are transposed (ie, i2 will be 
nearest the bottom of the artwork). 

Although the error was soon discov¬ 
ered and the faulty artwork withdrawn, 
some readers may have obtained the 
faulty PCB. This can be modified by cut¬ 
ting the copper tracks with a razor blade 
and installing wire links on the underside 
of the PCB as appropriate. 

The necessary modifications are as fol¬ 
lows: Q3’s emitter must be connected to 


the base of Q2 instead of to the emitter; 
220 ohm resistor must be connected b< 
tween V+ and Q3’s base; one side of tl 
wire link should go to V+ instead of i 
the O.luF ceramic capacitor adjacent 
D9; and the O.luF capacitor lead shou 
go to the cathode of D9. 

To further complicate matters, the r 
placement artwork (and the artwork pu 
lished in the magazine) have a track mis 
ing between the emitter of Q2 and the a 
jacent end of the 220 ohm resistor. The: 
two pads ahould be joined using a wi 
link. The parts layout diagram on page! 
was correct. 

To assist readers, the parts layout di 
gram and a corrected PCB pattern are r 
printed below. 



CONVERT YOUR TV TO A COM¬ 
PUTER MONITOR (August 1986, File 
2/CC/95): the main circuit diagram 


(Fig.l) was cropped such that R202 is r 
shown. The accompanying diagr: 
shows the position of R202. 
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AN ASTONISHING NEW 
SOUND COMES TO CD 


ULTRA 


Clarity, 

ansparency, 
waging, 
tpenness... 

lure Ultra D6000 
xplodes the myth 
rat all CD players 
>und pretty much 
le same. It ushers 
a new generation 
1 sound purity that 
^nscends the whole 
ution of audio 
eproduction" and 
ings the sense of 
e actual reality of a 
usical performance. 
Is the best and 
ost natural music 
rurce available at 
iy price. 



Compensates 
for imperfect 
discs... 


Its advanced laser system 
uses three beams instead 
of one: one reads the disc 
while the other two give 
micro-precise guidance 
to the reader beam— 
overcomes vibrations and 
disc imperfections. 


PURELY 

PERFECT 


The only 
5-year 
laser 
warranty 

The LONGLIFE™ laser 
tracking system is 
engineered for a 
minimum of 8000 
hours of service. 
(Replacing lasers on 
"bargain" CD units is 
prohibitively 
expensive.) 



ULTRA COMPACT DISC PLAYER 



AUDIO ENGINEERS PTY. LTD 

342 Kent Steet, Sydney, NSW 2000 
Ph: (02) 29-6731 

WDIO ENGINEERS (QLD) MARKETEC PTY. LTD. 

ir. Jane & Buchanan Sts, 51 Scarborough Beach Rd, 
West End, Qld 4101 North Perth, WA 6000 

Ph: (07) 44-8947 Ph: (09) 042-1119 

AUDIO ENGINEERS fVICl 
Ph: (03) 850-4329 





WHERE CAN YOG FIND THIS 
RANGE OF DISPLAY 
TECHNOLOGY?? 
L.C.D.’s 


* Single or Multiline Displays 

* Single 5V supply, parallel ASSII input 

* Some units Backlit using EL panels 

* Extended temperature range from -30°C to 
+ 85°C on certain models 

VACUUM FLUORESCENT 


* 14 Segment or 5x7 Dot Matrix versions 

* Single 5V supply 

* Character heights from 5.1mm to a large 
15.0mm 

* Certain Models with Extended Temperature 
from-40°C to +85°C 

DC PLASMA 
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ADVERTISING RATES FOR THIS PAGE 

SMALL ADS: The minimum acceptable size of 2 centimetres x one column costs only $40. Other sizes up to a maximum of 10 centimetres s 
rated at $20 a centimetre. CLASSIFIEDS: $4 for 40 letters. Just count the letters divide by 40 and multiply by $4, ROUND UP TO NEARE 
WHOLE NUMBER. CLOSING DATE: Ads may be accepted up to the 18th of the month two months prior to issue date. PAYMENT: Plea 
enclose payment with your advertisement. Address your letter to THE ADVERTISING MANAGER, ELECTRONICS AUSTRALIA PO BOX 22 
WATERLOO, NSW 2017. 


FOR SALE 


5V 50A TRANSFORMER: Ex-comp. 
$45.00. Brisbane 266-7388. 

MODEM CHIP: AM 7910 $27.50, P&P, 
$1.00. Acetronics, Box 76, Yagoona 
2199, N.S.W. 

EX-ABC AUDIO TAPES: W wide on 
IOV 2 " Standard metal spool $6.85. Ro¬ 
bust metal spool $7.85. 7" spool $2.25. 
5" spool $1.25. Post extra. Also in 
stock V 2 ", 1" and 2" tapes. Waltham 
Dan, 96 Oxford St., Darlinghurst, Syd¬ 
ney. Phone (02) 331-3360. 

RESISTORS: ViW E12 Range, IV2C 
each. Battery Clips, 12c each. Yellow 
Leds, 15c each. P&P, 80c. Steven Fox 
Enterprises, P.O. Box 4, South Bexley, 
N.S.W. 2207. 



AMIDON FERROMAGNETIC CORES: 

Large range for all receiver and trans¬ 
mitter applications. For data and price 
list and 105X220 SASE to: R.J. & U.S. 
Imports, P.O. Box 157, Mortdale, 
N.S.W. 2223. N.S.W: Geoff Wood Elec¬ 
tronics, Lane Cove. Webb Electronics, 
Albury. A.C.T.: Electronic Components, 
Fyshwick Plaza. Vic: Truscott Electron¬ 
ics, Croydon. W.A.: Willis Trading Co., 
Perth. 

NEW RADIO VALVES: For entertain¬ 
ment or industrial use. Waltham Dan, 
96 Oxford St., Darlinghurst, Sydney, 
Phone (02) 331-3360. 

MY $39 8K TO 256K: CENTRONICS 
PARALLEL PRINTER BUFFER KIT 
now has an optional plug-in 75-19200 
baud serial converter board @ $18, 
and a printer sharer board @ $12. For 
more info, send SAE to Don McKenzie, 
29 Ellesmere Cres., Tullamarine 3043. 

MAGAZINE: For VZ200/300 users. In¬ 
cludes Basic, Assembly Language, 
Hardware. S.A.E. to P.O. Box 154, 
Dural, N.S.W. 2158. 


WANTED 


27/3.5 MHz DICK SMITH TRANS- 
VERTER: (E.A. April ’76). Complete or 
parts. Box 21, Mena Creek 4871. 
Phone (070) 65-3160. 

ENGRAVED PANEL: For E/A “DeHah- 
et” receiver, also 1967 SSB tranmsmit- 
ter. P. J. Weaver, Macquarie Private 
Hotel, Barton, A.C.T. 2600. 

24 G.H.Z. SIGNAL GENERATOR & 
FREQUENCY COUNTER: Also want 
I.F.R. test unit, any condition. Phone 
(02) 524-4131 A.H. 

WANTED: Instruction manual for Eico 
Oscilloscope Mod. 430. Phone (03) 
848-7978. 


R'a\pio Pity Ltd 

Established 1933 

IS THE ONLY COMPANY 
WHICH MANUFACTURES AND 
SELLS EVERY PCB & FRONT PANEL 

published in EA and ETI 
651 Forest Road Bexley 2207 
AUSTRALIA 

RING (02) 587 3491 FOR INSTANT PRICES 
24 HOUR TURNAROUND SERVICE 


CHIPS 


PROGRAMMED 


(BIPOLAR PROM, EPROM, 
EEPROM.PAL, IFL & 

VARIOUS MICROPROCESSORS 
WITH 'ONBOARD' ROM) 


p TIZAH 


Phone (062) 58 6823 


P.O. Box 69 
Belconnen ACT 2616 
Australia 


PRINTED CIRCUIT BOARDS 

Minimum postage & packaging on all EA & ETI 
Project PCBs. 

Catalogue 1976-85 (inc components) $1.50. 
PCBs made to order — 48 hr prototype servicr 
Bankcard/Mastercard. 

Acetronics PCBs 

112 Robertson Rd, Bass Hill 2197 
(02) 645 1241 



... ELECTRICITY FROM 
THE SUN! ... 

Solar Cells 
Australia Pty Ltd 



From as little as $8.00 per watt, 
you can provide power for nearly 
all electrical appliances. 


• Stereos • Household Utensils 
• Power Tools • Lighting 
USING THE UNIQUE ARCO PV 
PANELS 


The largest supplier of solar 
power in the world. 


SOLAR CELLS 
AUSTRALIA P/L 

Contact your closest agent: 


ELANTE PTY LTD 


382 Canterbury Road 
Surrey Hills, Vic 3127 
Tel: (03) 836-9966 
G. F. TRADING 
34 Reginald Street 
Rocklea, Old 4106 
Tel: (07) 277-9688 


SOLAR CELLS 
97 Kew Street 
Welshpool, WA 6106 
Tel: (09) 361-7344 


























OPEN FOR BUSINESS: Sa°tll?day 1 Mom d ing' 


Monday to Friday 8.30 am to 5.00 pm. 

8.30 am to 12.30 pm 


10B/3 KENNETH ROAD, MsmuM 
MANLY VALE, NSW 2093 TEL: 949 4871 


ET0NE SPEAKER SPECIALS 


GENUINE FACTORY PRICES 

Rugged top quality Aust made brand new bargains — all with fact 
Model Size Cone Type V/Coil Reson Hz Freq Hz I 

4310 38cm Straight surround 8 or 15 Ohms 45 40-6000 

4510 38cm Straight surround 8 or 15 Ohms 45 40-6000 

4350 38cm Hi-Fi 8 or 15 Ohms 30 30-4000 


iry warranty V 

'atts Rms Price Ea or 2 for 

60 $92.00 or $180.00 

100 $132.00 or $258,00 
120 $118.00 or $233.00 






50 WATT rms 
SPEAKERS A 

ETONE FACTORY SCOOP 
EVEN LOWER THAN FACTORY PRICE ■ J* 

A PAIR FOR $54 » OR $31 .95 EACH 


1UGGED TOP QUALITY H 
WARRANTY • FOAM P< 
REPRODUCTION r - 



• 20 WATTS • 

$19.95 ea. or 

$35.00 a pair 


THE ENTERTAINER SERIES 

SPEAKER SYSTEMS 



CANNON INPUTS 


MINI BRIDGE 

RECTIFIER W02 

200 piv 1.5 AMP 


10 F 


P-P $1.95 


GEA 

$3.95 


I DC SOCKETS 

50 way Gold-plated 

with Strain Relief Clasp 

$5.00 ea or 2 for $9.00 p & p $1.95 

INTERFACE 
CABLE p &p$195 

70mm Long Terminated each 
end with 50 way Gold-plated 
strain relief IDC sockets $12.50 e; 


10 WAY DIP SWITCH 

10 FOR 


ifiinif $6.75 

P&P31.9J 


NEW CMA 

MINI POWER CABLE 

Moulded 3-pin plug 7.5A 
Approved 3 metres 
$2.50 each p & p $1.95 


AEI BRIDGE RECTIFIER 

50 piv. 10 amp. 

$1.95 ea 
P & P $1.35 
or 10 for $14.50 


DIODES 650piv 3 AMP 

50 FOR $9.50 P & P $1 .95 


TRIAC 

TYPE 225D SENSITIVE GATE 

400V. 10AMP 

10fob$17.5o 

OR $1.95 EAp & p $1.95 


A and R POWER 
TRANSFORMER 


Secondary 0—20. 
30.48V 2.5 Amps. 
Size 95X80X85mm 

$11.95eap& 


DOSCH RELAY 

12 VOLT 30 AMP 

FOR HORN OR m 
HEADLAMPS ■ 

$4.25 p & p $ 1.95 ^ 


STEEL CABINET 


$9.95 


T/Q/SA/WA/NT 




TUNING 

CAPACITOR 

iTU's.-, 

* Insterstate $3 


•a 


3 gang, 60PF, 200PF AND 415PF. 
IDEAL for A.T.U.. etc. Top quality. Ball 
bearings. 55X45X40mm. 


KAUTT and BUX 
ROCKER 

SWITCH W 

30 x 10mm SLOT. . T 

240VAC 

4A$1.55ea. 10 for $12.50 

6A $1.65 ea. 10 for $13.50 

P & P NSW $1.95; 


C-CORE TRANSFORMERS • LOW NOISE • HIGH 
EFFICIENCY FOR THE COMPUTER • POWER SUPPLY • AND 
MANY MORE PROJECTS 


* 


JT266 0.18V 

JT248 0.10V 

JT249 8.58-0-8.5V 

&15VCT 
JT274 0-9.5V 

&2X0-12V 
JT320 36-0-36V 


$ 33.9 


■r* P & P NSWA^IC $8.75; Q/T $13.50; 
1A NT/WA $17.50; SA $11.50 ea. 


FOR POSTAL INSURANCE ADD:KS 


WHZmzO'OSOO -tzmSD-com o-zonomrin 
























Next month in 



Low Distortion Audio Oscillator 

Our latest audio oscillator is easy to build and covers from 10Hz to 100kHz over 
four ranges. It features selectable sine or square wave output, very low distor¬ 
tion, fast risetime, an optional level output meter, and a sync output for a CRO. 


UHF Keyswitch for Burglar Alarms 


Ever wished that yoi 
pressing the button or 
You can also use it t( 


Id switch your car burglar alarm on or off simply by 
nail hand-held control unit? This unit does just that, 
itrol your house burglar alarm or to eliminate wiring 


Digital Sound Recorder 

This audio recorder has no tape. Instead, it stores up to 15 seconds of audio in 
RAM (random access memory) for instant replay at the press of a button. It’s 
just the shot for use with a shop display or as a novel doorbell. 


Electronics Australia Reader Service 




Total price of m 


Mastercard i American Express □ Visa □ Bankcard □ Tick GT; c ^ q 

rrnrnrrnn i i r~n 


NAME 

ADDRESS: 


ADVERTISING 

INDEX 


Ace Radio 

15 

Acetronics 

Adilam 

15 

Allen Bradley 

15 

Altronics 21,22,23,: 

Amtex 

Audio Engineers 

i; 

Australian Government RAAF 

46,. 

Australian Maritime College 

1 

B&JK Davidson 

i: 

Bernie Lieberman 

Bose 

i 

Bright Star Crystal 

Cashmore Sound 

i 

Chapman LE 

1 

Conference Technology 

David Reid 

OE 

Dick Smith 

55- 

Disco World 

1 

Duet 

1 

Elante 

1 

Electronic Discounters 

1 

Elmeasco 

Elija 

IFC, 

Emona 

1 

Epson 

1 

Federal Publishing 

Force Electronics 

86, 

Geoff Wood 

IEI 

1 

IRH Components 

Icom 

1 

Jaycar 

14,15, 

Laser Systems 

1 

Macro Dynamics 

1 

Neotronics 

Philips Elcoma 

1 

Ptizan 

RCS Design 

1 

RCS Radio 

1 

Ritronics 32,33,102,103,1 

Scan Audio 

Science World 

1 

Siemens 

Stotts 

TSA 

1 

Tennyson Graphics 

1 

Texas Instruments 

Tl Contest 

94 

Truscotts 

VSI 

1 

Westinghouse 

1 


ELECTRONICS A 




































SIEMENS 


SIPMOS saves grams, 
oules and bucks 



Jiemens new power 
ansistors are a boon 
or designers. 


New South Wales: Nexus Electronics Pty. Ltd. 
(02)439 5800 

Promark Electronics Pty. Ltd. (02) 439 6477 
South Australia: Auslec (08) 269 1688 
Protronics Pty. Ltd. (08) 212 3111 
Western Australia: Reserve Electronics 
(09) 328 9755 


Siemens Ltd. 

544 Church Street, Richmond, Vic. 

Melbourne: (03) 420 7318 Sydney: (02) 436 8730 
Brisbane: (07) 369 9666 Perth: (09) 362 0123 

Distributors 

Victoria: Promark Electronics (Vic) (03) 8781255 
Queensland: ECQ Electronics (07) 376 5677 


y using SIPMOS " power transistors, 
du can develop systems with 
nailer, lighter power supplies, 
id which are more 
:onomical and reliable, 
jrthermore, SIPMOS 
insistors are extremely 
st switching and easy to 
jrallel, with no secondary 
eakdown. 

ost importantly, these 
ivanced features increase the 
jsign possibilities for switch mode 
)wer supplies, asynchronous motor 
introls, audio amplifiers, 

2 convertors, proximity switches 
id inverters. 

novative SIPMOS components 
ise from discoveries at the very 
refront of technology. 


le range includes: 

P channel and N channel. 

Small signal*transistors including 
surface mount types. 

FRED FETS with fast recovery 
reverse diode. 

SMART FETS. 


id other superior SIPMOS 
mponents are currently being 
veloped by Siemens higher 
Dhnology. 

r more information, contact your 
arest Siemens office. 


Siemens. A higher technology 










Cunningham Communications 
offer the new range of 
ELVOX Intercom Systems. 


Ul 




\ul 




Elvox in Italy have been manufacturing communication systems for over fifty years and are a 
leading presence in the field of videointercoms in Europe. They now, through Cunningham 
Communications offer a whole new range of products to match demands for advanced 
technology and easy operation. Cunningham Communications are the sole distributor for 
Elvox products in Australia. 



A versatile range of equipment. 

© Audio kit-with external and indoor two way communications. ® Video-intercom desk type system. 

© Video intercom-wall mounted system recessed or flush. © Unlimited multi apartment central intercoms. 
© Close circuit television systems for individual applications. 


Contact us now for further information and a free catalogue. 


Cunningham 



Cunningham Communications, Pty. Ltd. 
100 Gladstone Street, 

South Melbourne. 3205 
Telephone (03) 690 9988 
Telex 10718970 
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